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The theoretical part of the thesis includes a 
critical review of the chemistry of flavonoids, biflavonoids 
and their glycosides and highlights the recent advances 
1 in the analytical techniques such as TLC, tJV, IR, H-NMR, 
13 
C-NMR and Mass spectroscopy applied to their isolation 
and structure elucidation. 
The work described in the thesis consists of 
isolation and characterization of flavonoids, biflavonoids 
and flavonoid glycosides from the leaves of six plants 
of different families. Taxonomical significance in some 
cases have also been discussed in brief. 
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Isolation and Characterization of Flavonoid Constituents. 
A number of flavonoids, biflavonoids and flavonoid 
glycosides were isolated from the following six plants and 
1 13 their structures elucidated by UV, H-NMR, C-NMR and 
Mass spectral studies. 
1. Cupressus sempervirens Linn. (var. horizontalis) 
(Cupressaceae) 
2. Cupressus cashmeriana Royle (Cupressaceae) 
3. Thuja orientalis Linn. ( Cupressaceae) 
4. Rhus wallichii Hook.f. (Anacardiaceae) 
5. Choerospondias axillaris (Anacardiaceae) 
6. Taxodium mucronatum (Taxodiaceae) 
1. FLAVONOIDS FROM THE LEAVES OF CUPRESSjJS SEMPERVIRENS 
LINN.(VAR. HORIZONTALIS) ( CUPRESSACEAE) 
The acetone extracts of the leaves of Cupressus 
sempervirens Linn. (var. horizontalis) after purification by 
solvent fractionation, was refluxed with ethylacetate, 
filtered and the filtrate concentrated to give a dark brown 
mass. It was then treated with water and the water insoluble 
and soluble portions thus obtained were analysed separately 
for flavonoids. 
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Water Insoluble portion. 
The insoluble residue on further purification by-
solvent fractionation and column chromatography on silica 
gel followed by PLC (Silica gel BDH, BPF - 36:9:5) yielded 
five fractions, labelled as CS-I — CS-V in the increasing 
order of their R_ values. The following flavonoidic 
compounds were isolated (CCD & PLC) and characterized by 
spectral studies of their methyl ether and acetyl derivatives. 
CS-I 
(i) 1-4', II-4', 1-5, II-5, 1-7, Il-7-Hexahydroxy [l-3',II-8] 
biflavone (amentoflavone). 
(ii) 1-4', II-4', 1-5, II-5, 1-7, II-7-Hexahydroxy [l-8,11-8] 
biflavone (cupressuflavone). 
CS-II 
( i i i ) 5 , 7 , 3 , 3 ' , 4 ' - P e n t a h y d r o x y f l a v o n e ( q u e r c e t i n ) . 
CS-I I I 
(iv) I I - 4 ' , 1-5, I I - 5 , 1-7, I I -7 -Pentahydroxy [ l - 4 ' - 0 - 1 1 - 6 ] 
b i f l a v o n e (hinokif lavone) 
(v) 1-4 ' , 1-5, I I - 5 , 1-7, I I - 7 - p e n t a h y d r o x y - I I - 4 ' - 0 - m e t h y l 
(_I-3', I I -8J b i f l a v o n e (podocarpusflavone-A) 
-4-
CS-IV 
(vi) II-4', 1-5, II-5, I-7-Tetrahydroxy-II-7-0-methyl 
[l-4'-O-II-ej biflavone (isocryptomerin) , 
CS-V (minor) 
*(vii) Dl-O-methyl hinokiflavone 
Water soluble portion 
The water soluble fraction on extraction with ethyl-
acetate and paper chromatographic examination showed only one 
spot (CSg) which was purified by preparative paper chromato-
graphy and characterized by spectral and chromatographic 
studies of the glycoside as well as the hydrolysed products. 
(viii) Quercetin-3-0- oC -L-rhamnopyranoside 
Cupressus sempervirens was examined earlier by different 
groups of workers and found to contain only cupressuflavone and 
amentoflavone series. The present work, however, revealed 
the presence of hinokiflavone series also. 
2. FLAVONOIDS FROM THE LEAVES OF CUPRESSUS CASHMERIANA ROYLE--
The methanol extract of the leaves of Cupressus 
cashmeriana after usual purification was poured into water 
Detected by TLC 
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to give water insoluble and soluble fractions. 
Water insoluble portion 
The water insoluble portion on purification and 
separation over column (Silica gel) and PLC(Silica gel BDH, 
BPF - 36:9:5) yielded three flavonoid fractions, CC-I, CC-II 
and CC-III corresponding to amentoflavone, hinokiflavone and 
monomethyl ether of hinokiflavone respectively. The following 
flavonoidic compounds have been isolated (CCD & PLC) and 
characterized by spectral studies of permethyl ether and 
acetyl derivatives. 
CC-I 
(i) CC-IMI :- 1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-O-
methyl [l-3', II-8J biflavone (Amentoflavone hexamethyl 
ether) 
(ii) CC-IMII :- 1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-O-
methyl [l-8, II-8J biflavone (Cupressuflavone hexamethyl 
ether). CC-I was thus a mixture of amentoflavone and 
cupressuflavone. 
CC-II 
( i i i ) I I - 4 ' , 1-5, I I - 5 , II-7-Pentahydroxy [ r -4 ' -O- I I - s ] 
biflavone (Hinokiflavone) 
(iv) 1-4', I I - 4 ' , 1-5, I I - 5 , II-7-Pentahydroxy-I-7-0-methyl 
[ l - 3 ' , II-8J biflavone (Sequoiaflavone) . 
-6-
CC-III 
(v) II-4', 1-5, II-5, I-7-Tetrahydroxy-II-7-0-methyl 
[l-4'-O-II-eJ biflavone (Isocryptomerin). 
Water soluble portion 
The water soluble fraction was extracted with butanol 
which on concentration and purification by column chromatography 
1 11 
yielded CCg. It was characterized by H-NMR and C-NMR 
spectral studies of its acetate and also UV spectral shifts 
studies of the glycoside as well as the hydrolysed product. 
cc 
(vi) Quercetin-3-0-(6"-0-oC-L-rhamnopyranosyl)-p-D-
glucopyranoside. This is the first example for 
the presence of a flavone-diglycoside in the 
family cupressaceae. 
w«" 
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The occurrence of quercetin glycosides constitutes 
the first example of the presence of flavonoid glycoside 
in Cupressus species. 
3. PLAVONOIDS FROM THE LEAVES OF THUJA ORIENTALIS LINN-
The phenolic extractives of the leaves of Thuja 
orientalis Linn, after similar treatment as described above 
gave water insoluble and soluble fractions. 
Water insoluble fraction 
The water insoluble fraction on TLC examination (BPF) 
showed five compact brown spots, labelled as TO-I, TO-II, 
TO-III, TO-IV and TO-V in the order of increasing R^ values. 
These were separated and purified by preparative TLC. 
TO-I 
( i) 5 , 7 ,3 ,3* ,4 ' , 5 ' -Hexahyd roxy f l avone (Myricet in) 
TO-II 
(ii) TO-IIMI :- 1-4',.11-4', 1-5, II-5, 1-7, II-7-Hexa-O. 
methyl [l-3' , II-Sj biflavone (Amentoflavone 
hexamethylether). 
(iii) TO-IIMII :- 1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-
0-methyl [l-8, II-s] biflavone 
TO-JII 
(iv) 5 , 7 , 3 , 3 ' , 4 ' - P e n t a h y d r o x y f l a v o n e (Quercetin) 
- 8 -
TO-IV 
(v) I I - 4 ' , 1-5, I I - 5 , 1-7, II-7-Pentahydroxy [ l -4 ' -O-I I -e ] 
biflavone (Hinokiflavone) 
*(vi) Mono-0-methyl amentoflavone 
TO-V 
(vii) 5,7,4'-Trihydroxyflavone (Apigenin) 
Water soluble fraction 
The water soluble fraction was extracted with ethyl 
acetate which on purification by column chromatography 
followed by preparative paper chromatography yielded four 
flavonoid glycosides labelled as TOg-I — TOg-iV, the latter 
two minor. These were characterized by chromatographic and 
spectral studies of the glycosides and their hydrolysed 
products. 
TOg-I 
(viii) Quercetin-3-0- oC-L-rhamnopyranoside 
TOq-II 
(ix) Myricetin-3-0-oC-L-rhamnopyranoside 
TOg-iii 
(x>) Kaempferol-7-O-glucoside 
-9-
TOg-IV 
(xi) Quercetin-7-O-rhamnoside 
Thuja orlentails was examined earlier by different 
groups of workers and the presence of cupressuflavone was 
categorically denied. However, the present work clearly 
demonstrates the presence of cupressuflavone. 
The occurrence of cupressuflavone constitutes the 
second example for the presence of [_I-3, II-Sj linked type 
biflavonoid in Thuja species. 
4. FLAVONOIDIC CONSTITUENTS OF RHUS WALLICHII HOOK.F. 
Acetone extract of defatted leaves after purification 
by solvent treatment was refluxed with ethylacetate, filtered 
and the concentrate of the filtrate was treated with water. 
The insoluble mass by solvent fractionation and column 
chromatography followed by preparative layer chromatography 
yielded three flavonoid components, labelled as RW-I — RW-III. 
RW-I 
(i) 1-4', II-4', 1-5, II-5, 1-7, II-7-Hexahydroxy [l-3',II-8]| 
biflavone (Amentoflavone) 
RW-I I 
(ii) 5,7,3,3•,4'-Pentahydroxyflavone (Quercetin) 
-10-
RW-III 
(ill) 5,7,3,4'-Tetrahydroxyflavone (Kaempferol) 
Water soluble fraction 
The water soluble fraction was extracted with ethyl-
acetate and the extract was separated into two components 
RWg-I and RWg-II 
(iv) Quercetin-3-O-p-D-glucopyranoside 
RWg-II 
(v) Quercetin-3-0- o(-L-rhamnopyranoside. 
This is the second plant of the genus which was 
found to contain amentoflavone as the sole biflavone. 
5. FLAVONOIDS FROM THE LEAVES OF CHOEROSPONDIAS AXILLARIS 
The methanol extract of defatted and powdered air-dried 
leaves after purification by solvent fractionation was treated 
with water'to give water insoluble and soluble portions. 
Water insoluble portion 
The water insoli±>le mass on column chromatography 
-11-
Dy 
followed/PLC yielded three components, CA-I, CA-II and 
CA-III. 
CA-I 
(i) 5 , 7 , 3 , 3 ' , 4 ' , 5 ' - H e x a h y d r o x y f l a v o n e (Myricetin) 
:A-II 
(ii) 5,7,3,3',4•-Pentahydroxyflavone (Quercetin) 
CA-III 
(iii) 5,7,3,4'-Tetrahydroxyflavone (Kaempferol) 
Water soluble fraction 
The water soluble fraction was extracted with butanol 
and the extract was separated into three components CAg-i — 
CAg-Ill by successive preparative paper and polyamide column 
chromatography. 
CAg-i 
(iv) Kaempferol-5-O-L-arabinoside 
CAq-II 
(v) Quercetin-3-O-L-rhamnopyranoside 
CAg-III 
(vi ) Myri-cetin-3-0- c< -L-rhamnopyranoside 
-12-
Kaempferol'5-O-arabinoside 
Kaempferol-S-O-L^arabinoside is a new naturally 
occurring glycoside. 
6. FLAVONOIDS FROM THE LEAVES OF TAXODIUM MUCRONATUM 
The defatted leaves were extracted with acetone, 
concentrated and treated with water to give water insoluble 
and soluble portions. 
Water insoluble portion. 
The water insoluble portion was subjected to column 
chromatography which yielded TM-I and TM-II 
TM-I 
( i ) 5 , 7 , 3 , 3 • , 4 ' - P e n t a h y d r o x y f l a v o n e (querce t in ) 
TM-II 
(li) 5,7,3,4'-Tetrahydroxyflavone (kaempferol) 
-13-
Water soluble portion 
The water soluble portion was extracted with butanol 
and the butanol extract after purification by column chroma-
tography was separated by PC into two fractions, TMg-I and 
TMg-II 
TMg-I 
( i i i ) Quercetin-3-O-p-D-galactopyranoside 
TMg-II 
(Iv) Quercetin-3-O-jB-D-glucopyranoslde 
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THEORETICAL 
1 
The chemical investigation of plants has been a favourite 
area of research in organic chemistry leading to the isolation 
of a large number of new compounds and elucidation of structure 
of many novel and complex molecules. The flavonoids, one of 
the most numerous and wide-spread groups of the natural consti-
tuents are important to man not only because they contribute 
to plant colour but also because many members are physiologically 
active. More than two thousand new flavonoids are reported 
and as a group they are universally distributed among vascular 
plants. The flavonoids, a rather homogeneous family of plant 
metabolites and pigments are developed around an aryl-substituted 
benzopyran carbon skeleton. The main constituents of the 
flavonoids are 
ISO Series Normal Series 
Carbon atoms 
Flavans 
Catechins 
i 1 
-^CH^—CH^ — 
—CH^—CH — 
2_ 
CH< 
CH C^  
OH 
2 
± 1 1 
0 
II 
Flavanones — C CH„ CH<[ 
0 OH 
Flavanonols — C CH CHC. 
0 
Flavones C CH = cC 
3 OH 
Flavonols C C — - C\ 
OH 
I . 
Anthocyanidins — C H = : C C<^ 
The importance of flavonoidic compounds in the tanning of 
leather, the fermentation of tea, the manufacture of cocoa 
and in the flavour qualities of foodstuff is well established. ' 
Certain flavonoids are among the earliest known natural dyestuffs. 
They are widely used as antioxidants for fats and oils. ' 
Among the physiological activities of flavonoids '^ include 
vitamin P activity, diuretic action, treatment of allergy, 
protection against X-ray and other radiation injuries, anti-
bacterial activity, prophylactic action, oestrogenic activity, 
4a 4b 
antitumer effects and anticancer property. The study 
of distribution of flavonoids in plants is of great 
chemotaxonomic value. ' 
Recent addition to this class is biflavonoids which 
are derived from tv/o flavone or flavanone or flavanone-flavone 
units and have been mostly isolated from gymnosperms. Among 
7 8 the angiosperms, some plants belonging to Guttiferae, ' 
, . 9, 10^ .^ -, . 11 ^ ^ 12 , J. 13 Euphorbiaceae, Caprifoliaceae, Ochnaceae , Anacardiaceae 
14 
and some ferns belonging to Selaginellaceae have been found to 
contain biflavonoids. 
CLASSIFICATION OF BIFLAVONOIDS 
All the biflavonoids known to-date may be classified 
into two main groups : 
1. C-C linked biflavonoids 
2. C-O-C linked biflavonoids 
C-C Linked Biflavonoids : 
Depending upon the nature of the constituent monomeric 
units and the position of linkage, we have different series. 
1. Amentoflavone Series 
These are derived from two apigenin units with 
j_ 1-3',11-8 J linkage and are represented by seventeen members 
with amentoflavone (la) as the parent compound. 
OR^  0 |o 
(1) 
(a) Amentoflavone 15-17 
(b) I-7-0-Methyl-(Sequoia-
,18-20 flavone) 
(c) 1-4'-0-Methyl-(Bilobe-
tin) 
(d) II-7-O-Methyl-22,23 
(e) II-4'-0-Methyl-(Podocarpus 
flavone-A) 
(f) I-4',I-7-Di-0-methyl-
l o o 1 _•?*; 
(Ginkgetin)^-^'"-^' -^  
(g) 1-4',11-4'-Di-0-methyl-
(^ • V +.^  ^ 15-21,24 
(Isoginkgetin) 
^1 
H 
CH3 
H 
H 
H 
CH3 
H 
^2 
H 
H 
H 
CH3 
H 
H 
H 
«3 
H 
H 
H 
H 
H 
H 
H 
^4 
H 
H 
H 
H 
H 
H 
H 
^5 
H 
H 
CH, 
H 
H 
CH3 
CH 
^6 
H 
H 
H 
H 
CH3 
H 
CH3 
R 
H 
H 
H 
H 
H 
H 
H 
R R R R R R R 
1 2 3 4 5 6 
(h) 
(i) 
(J) 
ik) 
(1) 
(m) 
(n) 
(o) 
II-4•,I-7-Di-O-methyl-
24 (Podocarpus flavone-B) 
1-4',II-7-Di-O-methyl-^ 
1-7, II-7-Di-O-methyl-'^ 
II-4 •, 1-7, II->7-Tri -0-
methyl-(Heveaflavone; ^ ' 
1-4•,II-4•,II-7-Tri-O-
27 29 
methyl-(Kayaflavone) ' 
1-7,1-4',II-4'-Tri-0-
19 -21 
methyl-(Sciadopitysin) 
1-4',I-7,II-7-Tri-0-
4.V, -.23 methyl 
1-4',11-4',1-7,11-7-
CH3 
H 
CH3 
CH3 
H 
CH3 
H 
CH3 
CH3 
CH3 
CH3 
H 
,24,26 
CH3 
CH3 
CH3 
CH3 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 
H 
H 
CH3 
CH 
CH3 
CH3 
CH3 
H 
H 
CH3 
CH3 
CH3 
H 
CH3 
H 
H 
H 
H 
H 
H 
H 
H 
m ^ r. ..u l 30-32 
T e t r a - 0 - m e t h y l -
(p) 1 - 4 ' , 1 1 - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , CH3 CH3 CH3 CH3 CH3 CH3 H 
I I - 7 - H e x a - O - m e t h y l 
33 ( Dioonflavone) 
(q) I-7-0-Methyl,I-6-C- CH3 H H H H H CH 
methyl 
Sotetsuflavone has been reported as the sole biflavone 
22 
constituent of Cycus revoluta. However, reinvestigation of this 
plant revealed that the reported sotetsuflavone is a mixture. 
6 
major part of which is amentoflavone and minor components are 
20,34 
methyl ethers of amentoflavone. II-7-O-Methylamentoflavone 
(Id) has however, been recently isolated from Araucarla 
23 
excelsa Lamb. 
2. I~2,3-Dihydroamentoflavone Series 36 
There are derived from a naringenin and an apigenin 
unit with flavanone (_I-3',II-8j flavone linkage, and are 
represented by four members with 2,3-dihydroamentoflavone(2a) 
as parent compound. 
( 2) 
7 
R. R_ R_ R. Rr- R -
1 2 3 4 5 6 
(a) I -2 ,3-Dihydroamento-
34,36a f lavone 
H H H H H H 
(b) II-4MI-7-Di-0-methyl-^'^^^ H CH, H H H CH, 
(c) 1-7,1-4', II-4«-Tri-0-
methyl-
(d) I-4Ml-4M-5,II-5, 
1-7,II-7-Hexa-O-methyl 
CH- H H H CH- CH^ 
CH3 CH3 CH3 CH3 CH3 CH3 
36b 
3. Tetrahydroamentoflavone Series 
Three new closely related biflavanones A, B and C have 
been isolated from defatted nuts of Semecarpus anacardiixm Linn. 
The first of these has been characterized as its methyl ethers 
A^ and A^ 
13 
3^0. 
OCH-
( 3 ) 
8 
R 
(a) 1 -7 ,1 -4 ' , I I -4 ' -T r i -0 -me thy l - I -5 , I I -5 ,11 -3 • —trihydroxy H 
[l-3',lI-8] biflavanone (A^) 
(b) 1-7,1-4',11-4',11-3'-Tetra-0-methyl-I-5,II-5-dihydroxy 
[l-3',ll-8] biflavanone {A^) CH, 
The biflavanones B and C have also been characterized 
as their methyl ethers/corresponding chalcone methyl ethers. 
Suggested structures are 0-methyl derivatives of [_I-3'-II-8j 
binaringenin (4) for the former and [_I-3',II-8j biliquiritigenin 
(5) for the latter. 
( 4 ) 
( 5 ) 
9 
Reinvestigation of Semecarpus anacardium Linn, revealed that 
the reported biflavanones related to (3) and (5) could not 
even be detected. The formation of partial methyl ethers of 
[l-3',II-8] linked binaringenin (4) and [l-3',li-6] linked 
binarigenin are reported by methylation using diazomethane. 
Tetrahydroamentoflavone (4) has, however, been recently 
38 isolated from Toxicodendron radicans. 
4. Cupressuflavone Series 
These are derived from two apigenin units with |_l-8,II-8j 
linkage and are represented by seven members. Cupressuflavone 
(6a) is the parent compound while the other seven are its 
partial methyl ethers. 
( 6 ) 
10 
39 
a. Cupressuflavone 
40 
b. I-4'~0-Methyl-
4142 
c. I-7-O-Methyl- ' 
d. 1-7,11-7-Di-O-methyl--'"''^^ 
e. I-4'.I-7(or II-4',I-7)-
23 
Di-0-methyl-
f. I-4',I-7,II-7-Tri-0-methyl 
g. 1-4',11-4',1-7,II-7-Tetra-
43 0-methyl-
•h. 1-4',II-4',1-5,1-7,11-7-
27 
^ 
H 
H 
CH^ 
CH3 
CH3 
CH3 
CH3 
^2 
H 
H 
H 
CH3 
H 
CH3 
CH3 
^3 
H 
H 
H 
H 
H 
H 
H 
% 
H 
H 
H 
H 
H 
H 
H 
^ 
H 
CH3 
H 
H 
CH3/ 
CH3 
CH 
^ 
H 
H 
H 
H 
CH3 
H 
CH3 
CH^ CH- CH. H CH3 CH3 
Penta-0-methyl-44 
* Synthetic 
5. Aqathlsflavone Series 
These are derived from two apigenin units with [_I-6, 
II-sJ linkage, and are represented by seven members with 
agathisflavone(7a) as the parent compound. 
( 7 ) 
. ^. 4 3 , 5 0 
a . A g a t h i s f l a v o n e 
12 4 1 42 
c . 1 -7 ,11-7-Di-O-methyl - - ' " 
d. I I - 4 M - 7 - D i - 0 - m e t h y l - ^ ' ' * ^ 
e . I I - 4 M - 7 , I I - 7 - T r i - 0 -
23 
m e t h y l -
H 
CH. 
CH. 
1 - 7 , 1 1 - 7 - H e x a - O - m e t h y l - ^ ^ ' ^ ^ ' ' * ^ 
H 
H 
CH, CH^ 
H 
CH3 CH3 
f. I - 4 ' , I I - 4 M - 7 , I I - 7 - T e t r a - CH^ CH^ 
46 
0 -me thy l 
g . 1-4* , I I - 4 M - 5 , I I - 5 , 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H CH. 
11 
^ 1 ^2 ^3 ^4 ^ 5 ^6 
H 
H 
H 
H CH. 
H CH. 
CH. 
CH, CH., CH-, CH-, CH-, CH. 
6 . Rhusflavone 48a 
This flavanoflavone has been isolated recently from 
seed kernel of Rhus succedanea. This is derived from naringenin 
and apigenin units with |_I-6,II-8j linkage. 
( 8 ) 
12 
7. Rhusflavanone 48b 
Rhusflavanone ( Tetrahydroagathisflavone ) has been 
isolated from the seed kernel of Rhus succedanea. 
C 9 ) 
8. Robustaflavone Series 49 
These are derived from two apigenin units with 
[l-3Ml-6 ] 1 inkage and are represented by three members. 
Robustaflavone is the parent compound and the other two are 
its m.ono- and dimethyl ethers, characterized only as their 
49 
complete methyl ethers. 
( 10 ) 
13 
9 . BGH Series 
These are derived from a naringenin and an apigenin 
or a lu teo l in uni t with flavanone |_ I -3 , I I -8 j flavone linkage 
and are represented by BGH-III ( l lg) and BGH-II (11a) as the 
parent cc^mpounds respec t ive ly . 
( 11 ) 
l^t 
OH 
OMe 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
1 2 3 4 5 
a, BGH-II(Morelloflavone/ 
^ , ^. .7,50,51 Fukugetin) 
b. II-3'-0-Methyl-^-'" 
*c. 1-4',11-4',1-5,1-7,11-7-
Penta-O-methyl-II-S'-
52 OMe Me Me Me H Me Me 
methoxy-
*d. 1-4',II-4',11-5,1-7, 
II-7-Penta-O-methyl-
^^ ,, ,^ 52 OMe Me Me H Me Me Me 
I1-3'-methoxy-
*e. 1-4',11-4',1-7,11-7-
T e t r a - O - i n e t h y l - I I - 3 ' -
,^ 52 OMe Me Me H H Me Me 
methoxy-
*f. II-4',1-7,II-7-Tri-O-
4^-v, 1 Tx Ti 4-w 53 OMe Me Me H H H Me methyl-II-3'-methoxy-
g. BGH-111(Talbota flavone/ 
Volkensiflavone)'^'^'*'^^ H H H H H H H 
• S y n t h e t i c . 
10 . WGH-Series^ 
7 
Two new biflavones, WGH-II and WGH-III have been 
synthesized by dehydrogenation of BGH-II and BGH-III, 
respectively. 
15 
( 12 ) 
a. R=OH; II-3',I-4', II-4',1-5,II-5,1-7,II-7-Heptahydroxy 
[^ I-3,II-8J biflavone (WGH-II or Saharanf lavone) ^  
b . R=H; 1 -4 ' , 11 -4 ' , 1 -5 ,11 -5 ,1 -7 ,XI -7 -Hexahydroxy [ 1 - 3 , 1 1 - 8 ] 
b i f l avone (WGH-III)? 
1 1 . GB-Series 
This series comprises of reduced heterocyclic systems. 
Five members are reported to occur in nature. They are derived 
from naringenin linked with a naringenin or aromadendrin or 
taxifolin or eriodictyol through [1-3,11-8] linkage. 
( 13) 
18 
R. 
a. 
b. 
c. 
d. 
e. 
12. 
GB-I^'^^-^« 
GB-Ia^'^^-5« 
gg_28'56-58 
GB-2a^'^^-58 
59 Kolaflavanone 
Succedaneaflava 
OH 
H 
OH 
H 
OH 
H 
H 
OH 
OH 
OH 
48c 
none 
OH 
OH 
OH 
OH 
OMe 
This is derived from two naringenin units with 
[l-6,Il-6] linkage. 
( 14 ) 
17 
13. Taiwan!a flavone Series 
These are derived from two apigenin units with 
(_ 1-3,11-3'J linkage and have been isolated from Taiwania 
cryptomeroides as the parent and its partial methyl ethers. 
( 15 ) 
^1 ^2 ^3 ^4 ^ «6 
a. Taiwaniaflavone 
b. I-7-0-Methyl-^° or 
II_7-0-Methyl-^° 
c. I-7,ll-4'-Di-0-methyl-
*d. 1-4',11-4',1-5,11-5, 
1-7,II-7-Hexa-O-
methyl-
60 
H H H H H H 
Me / Me H H H H 
Me H H H H Me 
Me Me Me Me Me Me 
•Synthetic. 
IS 
14. 1-4 »,1,5,11-5,1-7,Il-7-Pentahydroxyflavanone [l-3,11-8] 
61 
Chromone. 
This compound is a dimer of naringenin and 5,7-dihydroxy 
chromone linked through Ll-3,II-8j and has been isolated from 
the leaves of Garcinia dulcis Kurz. 
C 16) 
15. Semecarpuflavanone 62 
This has recently been isolated from the nut shells of 
Semecarpus anacardium. 
(17) 
13 
16. Galluflayanone 63 
This biflavanone has also been isolated from the alcoholifc 
extract of the nut shells of Semecarpus anacardium L. 
( 18 ) 
17. Strychnobiflavone 64 
This biflavone has been isolated recently from the 
leaves of Strychnos pseudoquina (Loganiaceae) 
( 19) 
20 
B. C-0-C-Linked Biflavonoids 
18. Hinokiflavone Series 
These are derived from two apigenin units with 
l_I-4 '-0-11-6] linkage. Hinokif lavone (20a) is the parent 
compound with six others as its partial methyl ethers. Earlier 
hinokiflavone and its derivatives were assigned [l-4'-O-II-s]^ 
linkage which has later been revised to Li_4'-0-II-6j 
( 20 ) 
u- 1 < CI 65,56, 59 
a. Hinokiflavone 
b. I-7-O-Methyl-(Neocryptomerin) 
c. II-7-0-Methyl-(IsocrYpto-
• ^67 
merin; 
d. II-4'-0-Methyl-(Crypto-
merin-A) 
e. II-7,II-4'-Di-0-methyl-
24 
(Cryptomerin-B) 68 
^1 
H 
Me 
H 
^2 
H 
H 
Me 
S 
H 
H 
H 
\ 
H 
H 
H 
^5 
H 
H 
H 
H H H H 
H Me H 
Me 
H Me 
n 
f. 
*g. 
*h. 
1-7,ll-7-Di-O-methyl-
24 (Chamaecypa ri n) 
1-7,II-4'-Di-O-methyl- 68c 
1-7,11-7,11-4•-Tri-0-methyl- 68 
1 
Me 
^2 
Me 
R. 
H H H 
Me 
Me 
H 
Me 
H 
H 
H 
H 
Me 
Me 
•Synthetic. 
19. Ochnaflavone Series 
This class is represented by five members with 
Ochnaflavone as the parent compound. They are derived from 
two apigenin units linked through |_I-3'-0-11-4 •] 
( 21 ) 
a. Ochnaflavone 
12 
b. I-4'-0-Methyl-
c. II-7-O-Methyl-
d. I-7,I-4'-Di-0-methyl--'-^ '^ "'"'^  
31c 
*e. 1-4',I-7,II-7-Tri-0-methyi 
*f. 1-4 M-7,II-7,1-5,11-5-
12 Penta-0-methyl-
^1 
H 
H 
H. 
Me 
Me 
Me 
^2 
H 
H 
Me 
H 
Me 
Me 
S 
H 
H 
H 
H 
H 
Me 
^4 
H 
H 
H 
H 
H 
Me 
^ 
H 
Me 
H 
Me 
Me 
Me 
* Synthetic. 
23 
THE GLYCOSIDES 
The term glycoside was adopted to embrace a large and 
remarkably varied group of organic compounds which on 
hydrolysis yield, in addition to sugar, other substances 
frequently of aromatic nature. The non-sugar part (aglycone) 
may include a wide variety of compounds occurring in 
nature. In the case of flavonoid glycosides, this moiety 
is generally a phenolic compound. A large number of glyco-
sides which were isolated from natural sources were character-
ized either as -0-linked or C-C linked glycosides. 
The flavonoid glycosides also occur in acylated 
form with acid such as p-coumaric, caffeic, sinapic, ferulic, 
gallic, benzoic, p-hydroxybenzoic, acetic and malonic acids. 
Of these, the most frequently found are p-coumaric and ferulic 
acids. Acylated glycosides may be recognized by their high 
chromatographic mobility on paper in solvents such as 15% 
acetic acid and phenol and low mobility in water when compared 
with the corresponding unacylated glycosides. 
Acylated glycosides have also distinctive spectral 
properties; those acylated with aromatic acids are readily 
distinguished by JV spectroscopy, since the aromatic acid 
24 
absorption superimposed on the normal flavonoidic spectral 
bands. The acyl group can then be removed by mild alkaline 
hydrolysis and the acid present is recovered and identified 
by standard procedures. 
In acylated glycosides, there is usually only one 
acyl group and this is almost invariably attached to one of 
the sugar hydroxyls and is not directly linked to the 
flavonoid skeleton. 
20. Quercetin-Galactoside-Gallate 70 
Quercetin-3-p-D-galactopyranoside-2"-gallate (22a) and 
quercetin-3-p-D-galactopyranoside-6"-gallate(22b) have been 
isolated from Euphorbiacean verrucosa and E. platiphyllos 
respectively. 
H0-(/ %-C^° 
\ — / II 
/ 0 
CH2-0H 
( 22a ) 
25 
( 22b ) 
21. Isorhamnetln-3-0- |6"-0-acetyl] qlucoside 
The flavonol-0-acyl glucoside (2 3) has been isolated 
from Salix viminalis. 71 
OH 0 ^o 
3 II I ^ 
( 23 ) 
26 
22. Narinqenin-7-Q-[6"-0-p-cou]narylJ-p-D-qlucoside 
72 Rdhman et al. have isolated an acylated flavanone 
glycoside (24) from nutshell of Anacardium occldentale. 
( 24 ) 
23. Acylated Allose-containinq 8-hydroxyflavone glycoside 
A novel flavone glycoside has been isolated from the 
whole plant of Vernonica filiformis and identified as 
isocutellarein-4'-methyl ether 7-0-p-(6"-0-acetyl-2"-0-p-
allosyl-glucoside). 
OH 
•OCH3 
73 
R=6-0-acetyl-p-D-allosyl-p-D-glucosyl 
( 25 ) 
24. Narinqenln-7-0-p-D(6'*-0-qalloyl)-qlacopvranoside 74 
Flavanone-0-acylglycoside(26) has been isolated from 
the pods of Acacia farnesiana. 
H OH 
^ ^ 
_ 7 - C ~ 0 - C H 2 
( 26 ) 
2 5 . Li na r i n - 0 - 2 - m e t h y I b u t y r a t e 75 
This has recently been isolated from Valeriana wallichii, 
OR, 9^2 
^s) Rl = H, 
( 27 ) 
R^ = E t (Me) CH-CO 
(b) R^ = H, R^ = E t (Me) CH-CO 
2S 
Two acylated flavanone glycosides namely Pinocemberin 
7_0_p (3"-0-acetyl) neohesperidoside (28a) and Pinocemberin-
7_0-p (6"-0-acetyl) neohesperidoside (28b) have been isolated 
76 from Nieremberqia hippomonica. 
OR3 
I -^ 
HO—k .^^2 
( 28 ) 
26. C-glycosides from Swertia japonlca 77 
77 
Komatsu et al. have reported two C-glycosides (i) 6-C-
p-D-glucopyranosyl genkwanin (Swertisin) and (ii) 6-C-p-D-
glucopyranosyl luteolin-7-methyl ether (Swertiajaponin) from 
the herb of Swertia laponica. 
( 29d ) 
23 
( 29 b ) 
78 
27. Acylated Kaempferol Glycosides from Aconitum 
Four acylated kaempferol glycoside have been isolated 
from Aconitum noveboracense and A. columbianum. 
(I) Kaempferol 3-(Caffeyl glucoside)-7-glucoside 
(II) Kaempferol 3-gentiobioside-7-(Caffeylarabinosylrhamnoside) 
(III) Kaempferol-3-glucoside-7-(p-coumaryl glucoside) 
(IV) Kaempferol 3-(p-coumarylrutinoside)-7-glucoside. 
28. Biflavonoid Glycosides 
52 79 M.Knonoshima et al. ' have isolated fukugiside(30a) 
and spicatsside(30b) from Garcinia spicata and Xanthochymusslde 
(30c) from Garcinia xanthochymus. 
OH 0 
( 30 ) 
(a) Fukugiside; R^ = OH, R = p-D-GluCi 
(b) Spicataside; Rj^  = H, R = p-D-Gluc. 
,iJ 
C 3 0 c ) 
Xanthocymusside, R = p-D-Gluc. 
3i 
30 [1-3,11-83 -Binaringenin-II-7-O-p-Glucoside 
A new biflavanone glucoside (31) has very recently been 
isolated from Garcinla multiflora 
R = Glucosyl 
( 31 ) 
29. Amentoflavone-0-qlucosides 81 
Wallace and Markham have reported a series of amentoflavone-
0-glucosides from three species of Psilotales, an order that 
shows one of the most primitive organization of any living 
vascular plant. However, these authors could not establish 
the glucosyl pattern in the compound and suggested the 
structure as mono-, di-, tri- and tetra-0-glucosides of 
amentoflavone. 
32 
82 30. Tetrahydro hlnokiflavone-C-qlycoslde 
82 
Murthy et al. have recently isolated Occidentoside 
a biflavonoid-C-glycoside in which a flavanone unit is linked 
with a chalcone unit via C-O-C linkage from defatted nuts of 
Anacardium occidentale Linn, This constitutes the first 
example of biphenyl ether type biflavone glucoside with reduced 
heterocyclic ring system. 
Optical activity in Biflavonoids 
A large number of optically active biflavonoids have been 
reported (Table-I). The optically active biflavones belonging 
to amentoflavone, cupressuflavone and agathisflavone series 
incorporate a biphenyl system in which at least three out of 
four ortho positions are substituted. These ortho substituents 
interfere with one another in coplanar positions and are 
comfortable only in non-planar positions. Complete rotation 
is therefore, prevented and optical resolution becomes possible. 
This phenomenon of restricted rotation leading to optical activity 
in biphenyl system, is known as "atropisomerism**. However, 
in fukugetin and xanthochymusside, the optical activity may 
either be due to the asymmetric centre (C,) alone or to both 
the asymmetric centre and restricted rotation. 
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STRUCTURE DETERMINATION OF BIFLAVONOIDS 
The problem of structure determination of biflavonoids 
is a complex one because of (a) occurrence of more than one 
biflavonoid in chromatographically homogeneous fractions with 
the consequent difficulty in their isolation in pure form, 
(b) insolubility in the usual organic solvents, (c) the 
difficulty in the exact location of 0-methyl groups in 
partially methylated derivatives of biflavonoids and (d) the 
intricate problem of establishing the interflavonoid linkage. 
There are various methods generally used for stmcture 
determination, such as colour reactions , degradation, ' ' ' 
physical methods and syntheses. The physical methods and syntheses 
are of key importance for complete structure elucidation of 
biflavonoids. 
Physical Methods 
The physical methods generally employed in the 
identification and structural analysis of plant pigments are 
chromatography, ~ ' OV, IR ,' NMR spectroscopy and mass 
spectrometry. Among the physical methods LJV, NMR and mass 
spectrometry are most dependable tools for the structure 
determination of flavonoids. 
35 
(a) Ultraviolet Spectroscopy 
The UV spectra of flavonoids have been thoroughly studied 
87a 87b 
and reviewed by L.Jurd and T.J.Mabry. Flavones and Flavonols 
generally exhibit high intensity absorption in the 320-380 nm 
region (Band,!) and the 240-270 nm region (Band,II ). The 
position and intensity of the X max of each of these bands 
varies with the relative resonance contributions of the benzoyl 
(32a), cinnamoyl (32b) and pyrone ring (32c) groupings to 
the total resonance of the flavone molecule. 
Although these groupings interact, the spectra of 
substituted flavones and flavonols in the neutral and alkaline 
solutions suggest that Band I is associated chiefly with 
absorption in the cinnamoyl grouping and Band II with absorption 
89 
in the benzoyl grouping. Thus the introduction of electron-
donating groups such as hydroxyl into the B ring increase its 
relative resonance contribution and consequently produce 
36 
considerable bathochromic shifts of Band I. Introduction of 
hydroxyl or methoxyl groups into the A ring, on the other hand, 
primarily increases the resonance contribution of this ring 
and tends to increase the wavelength and intensity of maximum 
absorption of Band II. 
UV Spectra of Aluminium Complexes - Location of 5 and 3-Hydroxyl 
Groups 
5-Hydroxyflavones and 5-hydroxyflavonols in which the 
3-hydroxyl group is protected form stable yellow complexes of 
90 the type (33a) which result in considerable bathochromic 
shifts of Band I and Band II. Each of the bands in the spectrum 
of the aluminium complex characteristically exhibits two distinct 
peaks or inflections. In flavone this shift is of the order 
of 20 - 45 nm. 
AICL3 ^O 
( 33a) 
.r; 
3-Hydroxyflavones readily form aluminium complexes which are 
stable even in the presence of dilute hydrochloric acid. As 
a result of complex formation, flavonols produce a flavylium 
structure (33b) which is greatly stabilized by its quasi-
aromatic character. 
( 33t ) 
The bathochromic shift of the flavonol Band I to the 
complex Band I is consistently in the order of 60 nin. A shift 
of this magnitude is, therefore, reliable evidence for the 
presence of a free 3-hydroxyl group. 
Spectra in Alcoholic Sodium Acetate - Location of a 7-Hydroxvl 
Group 
Sodium acetate is sufficiently basic to ionize hydroxyls 
located at positions 7,3 and 4' of the flavone nucleus. 
Hydroxyls located elsewhere are unaffected. Ionization of 
3-and 4'-hydroxyls produces bathochoromic shifts of Band I 
33 
but does not affect the position of band-II. Since Band II 
is associated mainly with absorption in the A ring however, 
ionization of a T-hydroxyl' group results in a pronounced 
bathochromic shift of this band. Flavones and flavonols which 
contain a free 7-hydroxyl group may be detected, therefore, 
by the 8 - 20 nm bathochromic shift of the low-wavelength band 
89 
on the addition of a little fused sodium acetate. Those 
compounds in which a 7-hydroxyl group is not present or, if 
present, is protected exhibit no significant change in the 
position of Band II. 
UV Spectra in Sodlum-ethoxide - Detection of a 3,4' - Dihydroxyl 
Grouping in Flavonols. 
89 Jurd and Horowitz found that flavonols in which the 
hydroxy1 group at either C^ or C., is protected by methylation 
or glycosidation are stable in sodium ethoxide and that their 
stability is not appreciably influenced by other hydroxyl groups 
i.e. the long wavelength band shifts from 340-380 nm in ethanol 
to 380-4 20 nm in sodi'om ethoxide. 
JV Spectra in Sodium acetate and Boric acid - Detection of 
0-Dihydroxyl Groups. 
Boric acid, in presence of sodium acetate forms chelates 
with phenolic compounds containing 0-dihydroxyl groups. Thus 
3J 
the maxima of Band I in luteolin undergoes bathochromic shift 
of 15-30 nm on addition of a mixture of boric acid and sodium 
acetate". The spectra of compounds which do not contain an 
0-dihydroxyl group are not appreciably affected. 
'^ O 
Y ^ ° Y ^ v 3 ~ ° " BoricAciS 
6H ° 
NaOAc 
OH 0 
O 
( 34 ) 
UV Spectra in AlCl^ and HCl 
Flavonesand flavonols containing 5 or 3 hydroxyl groups 
form aluminium complexes by chelation of AlCl, with 0-dihydroxyl 
group. The aluminium complex (B) is not stable in presence of 
dil. HCl, while aluminium complexes of flavones ( A and C ) 
having 3 or 5 hydroxyl group of flavones, is stable in the 
presence of dil. HCl. Hence when shift is taken with AlCl-, only, 
it results in a bathochromic shift, but when two or three drops 
of HCl are added in the sample, a hypsochromic shift is observed 
which indicate the presence of 0-dihydroxyl group along with 
hydroxyl groups at C-5 or C-3 position of flavone nucleus. 
40 
OH AICI3 
o 
/ 
P—^?^-Cl 
HCl 
( A ) 
( 35 ) 
OH ALCI3 
AICI3 
( B ) 
( 36 ) 
UV spectra of Biflavonoids 
The UV spectra of biapigenin or binaringenin type bifla-
vonoids and their derivatives are very similar to those of 
constituted monomer unit, with the only difference that the 
molecular extinction coefficients of biflavonoids are approximately 
double as compared to corresponding monomers. 
43 
^H-NMR-Spectroscopy. 
The application of NMR spectroscopy has proved to be 
the most powerful tool in the structure determination of 
93 biflavonoids. By the use of NMR studies of silyl derivatives, 
double irradiation technique,"" solvent induced shift studies^ ' 
95 lanthanide shift studies (LIS), nuclear overhauser effect 
13 95 
( n.o.e. ) and C-NMR spectroscopy, it has been possible to 
elucidate fully the structure of biflavonoids occurring even 
in minor quantities without resort to tedious and time consuming 
chemical degradation and synthesis. 
The valuable contribution in this field have been made 
97 Q7 98 99 100 
by Batterham and Highet, Mabry ' Massicot, Clark- Lewis, 
24 95 31 32 
Kawano, ' Pelter and Rahman. ' The most commonly occurring 
hydroxylotion pa t te rn in natural flavonoids i s 4 ' ,5 ,7 - t r ihydroxy 
system (37) 'V, o. 
( 37 ) 
The chemical shifts of the protons of ring A and B 
prove to be independent of each other, but are affected by the 
97 
nature of ring C. The peaks arising from ring A in most 
flavonoids occur upfield from the other peaks and are readily 
43 
recognised. Thus examination of an unfamiliar spectrum will 
commonly start by the recognition of these peaks, which will 
often allow the nature of ring A and C, and the class of 
compound, in hand, to be inferred. The remaining peaks in the 
aromatic region will reveal the pattern of oxygen substitution 
of ring B, and confirm the nature of ring C. 
The obseirvation and interpretations of spin-spin splitting 
are the means by which the sequence of groups in the molecule 
is established by NMR. However, the process of establishing 
sequence of groups in molecules even on high resolution NMR 
frequently fails, because, while it may be possible to observe 
a discrete multiplet from one group of protons, it may not be 
possible to recognise the absorptions of protons to which this 
group is coupled, since they may be obscured by absorption of 
other protons in the molecule. An ancillary technique known 
as spin-rdecoupling or double resonance often helps to overcome 
this difficulty. By the help of double irradiation technique 
it has been possible to assign each and every proton in 
biflavonoids. The recent technique of preparing silyl ether 
derivatives for NMR studies has not only overcome solubility 
problem but also has contributed towards the simplification 
of spectra. 
The two A-ring protons of flavonoids with the 5,7-hydro-
98 
xvlation pattern give rise to two doublets ( J ^ = 2.5 Hz ) 
meta 
4 "t 
between 5 6-6.7 from tetramethylsilane (TMS ). These are, 
however, small but predictable variations in the chemical shifts 
of the C-6 and C-8 proton signals depending upon the 5-and 7-
substituents. 
In flavanones, the 6,8-protons give a single peak near 
S5.95; with the addition of a 3-hydroxy group ( flavanonols ) 
the chemical shifts of these protons are slightly altered and 
the pattern changes to a very strongly coupled pair of doublets. 
The presence of double bond in ring C of flavone and flavonols 
causes a marked downfield shift of these peaks, again producing 
the two doublet pattern ( &6-6'7, J .^^ 3= 2.5 Hz ). Out of 6-
and 8-protons, the latter appears downfield. 
All B-ring protons appear around 6 6.7 - 7.7, a region 
separate from the usual A-ring protons. The signals from the 
aromatic protons of an unsubstituted B-ring in a flavanone 
appear as a broad peak, centered at about &7.45. In flavones, 
the presence of the C-ring double bond causes a shift of the 
2',6'-protons and the spectrum shows two broad peaks, one 
centered at 88.00 (2',6') and the other atS7.6 (3',4',5')^^ 
With the introduction of a 4'-hydroxy1 group, the B-ring 
protons appear effectively as a four peak pattern. Such type 
of pattern is called A B_ pattern. Introduction of one more 
97 
substituent to ring B gives the normal ABC pattern. The 
45 
hydroxyl group increases the shielding on the adjacent 3',5'-
protons and their peaks move substantially upfield. The 
2',6'-protons of flavones give signals centered at about 
b7.35. Introduction of 2,3-double bond ( flavones and 
flavonols ) again causes these protons to resonate at much 
lower field ( &8.00 ) 
In flavones and isoflavones of normal structure, the 
olefinic protons give rise to signals near o6.8 and &8.3 
respectively. The position of these olefinic peaks depends 
upon the substitution of rings A and B, the electron donating 
groups causing upfield shifts and the electron withdrawing 
groups causing downfield shifts. 
The spectra of flavanones ( saturated heterocyclic 
ring ) contain typical ABX multiplets arising from the C-2 
proton and the two C-3 protons. The C-2 proton is split by 
the C-3 protons into quartet ( J . = 5 Hz, J. ^^ ^= 11 Hz, 
CIS "crans 
double doublet ) and occurs near h 5,5, depending upon the 
substitution of ring B. The two C-3 protons occur as two 
quartets ( J,, ., ,,-,,= 17 Hz ) at &3.0. However, they 
^ H-oa, H-ob, 
often appear as two doublets, since two signals of each 
quartet are of low intensity. The C-2 proton in dihydroflavonols 
appears near &4.9 as a doublet ( J = 11 Hz ) coupled to 
c 99 
the C-3 protons which comes at abouto 4.2 as doublet. 
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NMR Studies on Biflavonolds 
In the structure elucidation of biflavonolds certain 
useful information can be obtained by comparison of their NMR 
spectra with those of their corresponding monomers. Such a 
choice, however, is compelling but by no means infallible. 
Comparison of the NN5R spectra of methyl and acetyl derivatives 
of a biflavonoid with those of biflavonolds of other series 
in which at least one monoflavonoid unit is similarly constituted, 
is very helpful in assigning each and individual proton and the 
position of the methoxy groups. 
In biphenyl type biflavones such as amentoflavone, 
cupressuflavone, agathisflavone etc. the peak of the ring 
protons involved in interflavonoid linkage appear at somewhat 
lower field ( '^0.5 ppm ) as compared with the peaks of the 
same protons in monomer due to extended conjugation. 
It has been observed, both in biphenyl as well as in 
biphenylether type biflavonolds that the 5-methoxy group of 
an 8-linked monoflavonoid unit in a biflavonoid shows above 
84.00 in deuteriochloroform in all the cases examined so far 
( Table-II ). This observation may be explained on the basis of 
extended conjugation. 5-Methoxy group of an 8-linked monofla-
vonoid unit in biflavonolds of BGH-series, WGH-series and GB-
series does not show above S4.GO as the linkage is through 
47 
heterocyclic ring. 
Table - II 
Methoxy Protons Shifts ( S-value) of fully methylated 
biflavonoids 
Biflavonoids I-5-OMe II-5-OMe 
Cupressuflavone [_I-8,II-8j 
Amentoflavone [l-3MI-8] 
Agathisflavone [l-6, Il-e] 
Hinokif lavone [l-4 *-O-II-s] 
GB-I [l-3, II-B] 
Fukugetin t'^' ^^-^J 
4 . 1 5 
3.87 
3 .59 
4 . 0 0 
below 
below 
4 . 1 5 
4 . 0 6 
4 . 0 5 
4 . 0 8 
3 .96 
3 .93 
By examining the methoxy and acetoxy shifts, certain 
useful correlations emerge, but they should be used only as the 
supporting evidence. It is only by looking at the full series 
( parent, fully methylated and acetylated derivatives ) and 
comparing multiplicities and chemical shifts of the aromatic 
protons that safe assignments can be made. 
The problem of interflavonoid linkage has successfully 
been solved by — 
4S 
(a) Solvent induced shift studies of methoxy resonances. 
(b) Lanthanide induced shift studies. 
/ X 1 3 
(c) c-NMR spectroscopy 
(a) Solvent induced shift studies of methoxy resonances. 
101 William and co-workers have observed that the methoxyls 
at C-5, C-7, C-2' and C-4' exhibit large positive A values, 
( A = &CDC1 - ^  C:^  ^ 6 ~ °*^ *^ ° °*^ PP"^  ^  ^^ ^^® absence of 
methoxy1 or hydroxy1 substituents ortho to these groups. This 
means that the aforesaid methoxy signals move upfield in benzene 
relative to deuteriochloroform.' The observation is consistent 
with the formal ability of all these methoxy groups to 
conjugate with the electron withdrawing carbonyl group. This 
conjugation can lead to a decrease in A -electron density at 
oxygen atoms of methoxy groups in question, and so enhance an 
association with benzene at these electron deficient sites 
with a resultant increase in shielding effect. The C-3 methoxy 
resonances are in contrast deshielded or only slightly shielded 
( A = -0.07 to + 0.34 ) in benzene, suggesting that C-3 methoxy 
group in general prefers conformation indicated in ( 38 ). 
Similarly a 5-methoxy group in presence of a 6-substituent 
shows small positive or negative solvent shift in benzene because 
a 6-substituent should lead to a higher population of conformer 
(39). 
4J 
( 38 ) ( 39 ) 
In these conformations, the protons of the methoxy group 
in question lie in close proximity to the negative end of the 
carbonyl dipole which is a region of strong deshielding due to 
benzene association et the carbonyl group. The methoxy groups 
lacking one ortho hydrogen ( i.e. flanked by two ortho methoxy 
function ) also show small positive or negative A values 
( A - + 0.13 to - 0.12 ppm ) due to some combination of 
(i) steric inhibition of benzene solvation of the central 
methoxy group 
(ii) reduction in solvation of the central methoxy group 
( relative to anisole case ) due to the presence of 
two ortho electron-donating substituents, and 
(iil) solvation of the outer methoxy groups, the stereochemistry 
of benzene association being such as to place the central 
methoxy group in a region of deshielding. 
It is emphasised that the steric factor can not be the 
major influence, since an electron-withdrawing substituent ortho 
to a methoxy function increases the upfield shift which is 
.'JU 
^ . , 101,102 
observed m benzene. 
In amentoflavone, cupressuflavone and hinokiflavone 
69 ( i_4'- 0-II-8 ) methyl ethers, all the methoxy groups move 
upfield ( '~'50 - 60 Hz ) on change of solvent from deuterio-
chloroform to benzene showing that every methoxy group has 
at least one ortho proton and, therefore, a C-8 rather than 
C-6 linkage is indicated. In agathisflavone hexamethyl ether, 
only five of the six methoxy groups show large upfield shifts. 
One methoxy group was unique, upto-50% dilution with benzene 
no shift was seen and then a strong downfield shift was evidenced. 
It was reasonable to assume that the methoxy group in question 
was the one at C-5 flanked by ring II-A on one side and a 
carbonyl group on the other. Similarly in the case of hinokl-
69 flavone ( I-4'-0-II-6 ) only four methoxy groups move upfield. 
Benzene induced shifts have also been found useful 
in the case of BGH-series. All the methoxy signals (^3.64 -
3.92 ) in BGH-II and BGH-III methyl ethers move upfield 
indicating that the flavanone substituent is at C-8 rather 
than at C-6 of flavone unit. 
The benzene-induced solvent shifts A ( & CDCl. / C^H^ ) 
3 o 5 
are appreciably enhanced by the addition of small quantity 
( 3% V/V ) of trifluoroacetic acid (TFA) to the solution of the 
compound in benzene; apparently protonation of certain groups 
51 
enhances the benzene association at these sites. This technique 
helps to distinguish between methoxy groups which can conjugate 
with the carbonyl group (40) and those which can not conjugate 
(41) in the ground state. 
.r\ —^N. o + 
CH^ - d - c = c i c = o*-> CH^ - o = c - c = c - o 
3 1 1 1 J I I I 
(40) 
I I 
CH- - 0 - C - C - C = 0 
3 •• I I 1 
(41) 
Thus the basicity of the methoxy groups not conjugated 
(41) with carbonyl group is greater than those which are 
conjugated (40) and so the former will be expected to give 
103 
more positive values of the TFA-addition shift 
A C^H^/ 
^CgHg+ TFA 
The TFA-induced solvent shift [ A ( CDCl / TFA )"| 
of a 5-methoxy group has a relatively large negative value 
( - 0.36 to - 0.44 ppm ), which distinguishes it from other 
methoxy groups. A possible explanation is the formation of 
hydrogen bond between the protonated carbonyl group and the 
oxygen atom of the 5-methoxy group (42). The carbonyl group 
will be protonated to a much larger extent in TFA relative to 
fi2 
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a solution in benzene containing 3% TFA. 
If a 5-methoxy-group is flanked by a substituent like a 
methoxy-group at C-6, its TFA-induced solvent shift is even 
greater than in the absence of such a group ('^ -0,48 to -0.62 p.p. 
Limitations of Solvent Induced Shift Studies 
The method of methoxy protons shift although very 
useful in structure determination, may lead to erroneous 
assignments if not used with caution. The following criteria 
have been laid down for an appropriate use of the method. 
1. The method should not be used directly for compounds 
containing phenolic groups. Even acetylation of the phenolic 
function does not completely overcome the difficulty. Only 
the fully methylated compounds are safest to use but even the 
results may be misleading if solvation of a separate site close 
104 to the methoxy groups being examined occurs. 
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2. In the biflavonoid series having [_I-3,II-8j linkage, the 
II-3' methoxy group of WGH-II methyl ether appears at an 
exceptionally high position ( S3.44) in CDCl^. This is 
suggestive of its being entirely internally solvated. A 
model of this biflavone shows that there are in fact certain 
positions in which that particular methoxy group can be 
solvated by a benzene ring of the outer flavonoid unit, thus 
rendering it unique in being resistant to external solvation. 
On change of solvent from CDCl to C^D^ all the methoxy groups 
3 D O 
are expected to move upfield by more than 30 Hz as each methoxy 
group has an ortho proton. The methoxy group in question, 
however, moves very little. 
b. Lanthanide Induced Shift Studies. 
During the last fourteen years ~ lanthanide shift 
reagents (LSR) have been extensively used for the structural 
and conformational studies of organic natural products. The 
introduction of these reagents (Paramagnetic compounds) has 
greatly enhanced the power and versatility of NMR spectroscopy. 
The addition of certain lanthanide complexes (shift reagents) 
to a H-NMR solution of a compound which possesses an 
appropriate lone pair of electrons causes the proton 
resonances to become spread out with effect being greatest on 
the resonances of hydrogens nearest the site of coordination. 
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The shift reagent coordinates with electronegative atom in the 
substrate and thus modifies the magnetic field experienced by 
neighbouring protons (and, therefore, simplify the spectra). 
Since the strength of this field varies with the distance from 
the paramagnetic source, the chemical shift of each proton is 
modified by a different amount. Coupling constants appear to 
be virtually unaffected. The effect is to spread out the 
absorptions which previously overlapped and this frequently 
allows a first order analysis of the spectrum. 
The lanthanide induced shifts (LIS orAVi ) are thought 
109 to be due primarily to pseudocontact interaction, and for any 
particular molecule at a given temperature are inversely 
3 
proportional to the cube of the internuclear distance( r, ) 
between the lanthanide metal ion and the proton under 
., ^. , , .108,110 
consideration ( eq. 1 ) 
K 
AVc= ... (1) 
^i 
A more complete form of equation (1) is eqn.(2) in 
which AVi is the pseudocontact shift for the ith proton, 
K is a constant that depends on the shift reagent and the 
organic substrate, r. is the distance from the centre of the 
lanthanide atom to the proton (i). The angle 9 is described 
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by the intersection of r with principal magnetic axis of the 
complex. 
2 
The term ( 3 cos 9 -1 ) changes very little upon passing 
from the ortho to the meta to the para protons. In view of 
the inverse cube dependence on distance, it is clear that the 
protons closest to the lanthanide atom in the complex should 
show the greatest shift per increment of shift reagent. It is 
o o 
positive for 9 values from 0-54 and from 126-180 and positive 
AVi (shift to lowerfield) is observed, however, when 9 has 
a value from 55 to 125 , the angle term and AVi becomes 
negative ( i.e. shift to higher field are observed) 
Ave = ^ (3 Cos^9 -1 ) ^2) 
r. 
The commonly used complexes are tris (dipivalomethanato) 
112 
europium, EuCdpm)^ and tris (dipivalomethanato) praseodymium, 
113 Pr(dpm)T , where dpm represents dipivalomethane which is 2,2,6, 
6-tetramethyl heptane-3,5-dione. The two are complementary in 
that Eu (dpm)T shift proton resonances to lower field while 
Pr(dpm)^ shift proton resonances to higher field. Eu(dpm)-., 
however, is generally most useful because the t-butyl resonance 
of the complex appears above TMS and thus does not interfere. 
The t-butyl resonance of Pr(dpm)^ in the presence of substrates, 
occurs in the 3-5 h range and can mask resonances of interest 
5S 
in some cases. It is especially useful for the observation of 
113 
methyl groups in steroids. 
Rendeau and Sievers have reported that europium and 
praseodymium complexes of 1,1,1,2,2,3,3-heptafluoro-7,7-
dimethyl-4,6-octanedione (fod) are superior shift reagents for 
weak lewis bases such as ethers and esters because of their 
greater solubility. 
The extent of the lanthanide induced shift is dependent 
on the basicity of the functional group and on the nature, 
purity and concentration of the shift reagent. 
The two major applications of lanthanide shift reagents 
are firstly the simplification of the spectrum, and secondly 
the confirmation of assignment of the signals by relating the 
extent of the shift to the concentration of the shift reagent. 
The magnitude of induced shift for a proton is usually 
expressed in terms of "S-value" proposed by Cockerill and 
115 Rackham. It is the slope of straight line obtained by plotting 
the shift value ( A V ) against the molar ratio of Eu(dpm)- to 
a substrate. Usually the spectra are determined at 8-10 
different molar ratios to obtain each slope. The larger the 
S value, the greater the particular proton is shifted downfield 
lift by the shift reagent. It is suggested that the shift reagent 
exhibits its effect by establishment of a rapid ( on the NMR 
0 / 
time scale ) equilibrium between a labile complex of Euldpm)^ 
with a lewis base and unassociated solutes. This labile complex 
contribute very significantly to the observed shift through at 
least two mechanisms, through bond and through space. The 
former is important when only two or three bonds separate 
hydrogen and europium. The latter effect becomes dominent when 
four or more bonds are involved if close approach of europiiom 
and hydrogen is likely. In the case of poly-functional 
molecules, the observed paramagnetic shifts are sums of 
contribution due to magnetic interaction from metal association 
at each site. 
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Kawano et.al. have recently reported the application 
of lanthanide shift reagent, Eu(fod)-. for the structure 
elucidation of flavones and biflavones. 
Monoflavones : For apigenin trimethyl ether (43), 6-methoxy-
apigenin trimethyl ether (44), quercetin pentamethyl ether(45) 
and myricetin hexamethyl ether (46), the magnitudes of lanthanide 
induced shifts are recorded in Table-Ill in terms of "S-velues", 
It follows that (a) methoxy group at C-5 position shows the 
largest shift (12.34'^18.88 ppn) which means that complexation 
occurs mostly at neighbouring carbonyl group, (b) H-5 shows 
considerable shift (5.70'~7.16 ppm) when compared with that 
of H-8 (1.12'-'1.56 ppm), (c) H or OCH attached to side 
phenyl groups show the least shifts, and (d) •H-3 (-1.54, 0.08 ppm) 
and OCH3-3 (0.08, 0.92 p.p.m.) show rather small shifts in 
53 
comparison with t hose of OCH^-6 (5.16 p .p .m. ) and OCH^-7 
(1.02'—1.28 p .p .m. ) whose p o s i t i o n s a re a t a d i s t a n c e from 
carbonyl group. I t i s note'vwrthy t h a t t h e H-3 of compound 
(44) shows an up f i e ld s h i f t (-1.54 p .p .m.) 
OCH3 
OCH3 ^^O, OCH3 
( 4 3 ) R - H ( 45 ) R z H 
( 44 ) R -OCH3 ( 46 ) R r OCH3 
5J 
TABLE-III 
S-values of flavone compounds by Eu( fod )^ 
P o s i t i o n s 
3 
5 
6 
7 
8 
2 ' , 6 ' 
3 ' , 5 ' 
4 ' 
(43 ) 
0 . 0 8 
( 1 3 . 3 4 ) 
6 . 3 2 
( 1 . 1 2 ) 
1 .56 
0 
- 0 . 0 2 
(0) 
Compounds 
(44) 
- 1 . 5 4 
( 1 2 . 3 4 ) 
( 5 . 1 6 ) 
( 1 . 0 2 ) 
1 .18 
- 0 . 5 0 
- 0 . 2 6 
( - 0 . 1 8 ) 
(45) 
( 0 . 8 0 ) 
( 1 4 . 0 8 ) 
( 5 . 7 0 ) 
( 1 . 2 8 ) 
1 .12 
0 . 4 6 
0 . 1 4 , ( 0 . 
( 0 . 0 4 ) 
(46) 
( 0 . 9 2 ) * 
( 1 8 . 8 8 ) 
( 7 . 1 6 ) 
( 1 . 1 4 ) * 
1 .30 
0 . 4 6 
, 1 2 ) ( 0 . 1 2 ) 
( 0 . 3 2 ) 
•Assignment is tentative. Parentheses show methoxy proton 
shifts. Spectra were taken in CDCl- using TMS as standard. 
As described above, H-3 of the 6-methoxy apigenin 
trimethyl ether (44) shows an upfield shift (-1.54 p.p.m. in 
95 S-values, Table-Ill) on addition of Eu(fod)^ however, this 
proton shows downfield shift (S=2.04 p.p.m.) when Eu(dpm)_ 
is used as a shift reagent (Table-IV) as reported recently 
118 by Kawano et al. 
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TABLE-IV 
Values of H-3 from TMS andAEu values by shift reagents 
Compounds p.p.m. EuCfod)^ EuCdpm)^ 
4',5,7-Trimethoxyflavone(47a) 6.56 0.04 3,68 
4',5,6,7-Tetramethoxyflavone(47b)6.59 - 1.50 2.04 
4',5,7,8-Tetramethoxyflavone(47c)6.60 -0.30 4.35 
5 , 6 , 7 , 8 , 4 ' - P e n t a m e t h o x y f l a v o n e 6 .60 - 1.99 1.79 
(47d) 
V 
?•< 
«2 
1 1 
U j J L l 
0CH3° ( 
y^^\ 
Al ) 
^ 1 
H 
OCH3 
H 
OCH3 
-OCH3 
^2 
H 
H 
0CH3 
OCH3 
(a) 
(b) 
(c ) 
(d) 
The presence of methoxy group at C-6 in the 5,7-
dimethoxyflavone derivative seems to be an important factor 
6 1 
in the phenomenon because the H-3 of 5,6,7,8,4'-pentamethoxyflavone 
(47d) also shows similar shift values (1.79 and -1.99 p.p.m., 
Table-IV) to those of compound (47b) when Eu(dpm)T or Eu(fod)2 
are added. 8-methoxy apigenin trimethyl ether (47c) however, 
shows similar shifts (little shift of -0.30 p.p.m.) by Eu(fod)2 
and relatively large downfielc shift of 4.35 p.p.m. by Eu(dpm)^ 
to that of tri-0-m,ethyl apigenin (47a) . 
Biflavones;- The following seven fully methylated biflavones, 
namely, hexa-0-methylamentoflavone(IP),hexa-0-methylrobustaflavone 
(10a),hexa-0-methylcupressuflavone(6i),hexa-0-methylagathisflavone 
(7g),hepta-0-methylsaharanflavone(12c), penta-0-methylhinoki-
flavone(20i) and penta-0-methyl Ql-4'-O-II-s] -biapigenin(20x) 
have been studied using Eu(fod), and their S-values are 
recorded in Table-V. 
Table-V shows the S-values of every proton signal of these 
compounds obtained on addition of Eu(fod)^ which gives a straight 
line upto 1:1 molar ratio of reagent to substrate. Therefore, in 
these cases S-values are the same as A Eu values. These induced 
shifts show the same tendency as observed for four monoflavones 
in Table-III, although the effectiveness of the added Eu(fod)^ is 
halved owing to the presence of two flavone nuclei per molecule. 
However, MeO-5 and 5" show different shift values except in the 
case of the symmetrical compound (6i), because the coordination 
of Eu(fod)2 to the two flavone nuclei is not even but is 
characteristic of the structure of each compound. For example. 
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OCH3 
OCH3 
( 20 ) 
64 
PCH 
OCH' 
OCH-
( 61 ) 
OCH-
( 79 ) 
6. 
OCH-
( 12 c ) 
OCH. 
( 2 0 X ) 
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a large difference is observed between MeO-5 and 5" in the case 
of -3 or 6-linked compounds (10a), (7g), (12c) and (201) in 
comparison with compounds (IP) and (20x). 
The result in Table-V may be summarized as follows : 
(a) The smallest S value for H-6 or -6" is still larger than 
the largest S value for H-8 or -8". Thus it is not difficult 
to distinguish signals due to H-6 or -5" from those of H-8 or -8" 
(b) S-values of H-3 or -3" are so small that these protons are 
usually distinguishable from H-8 or -8" in the same flavone 
nucleus, and 
(c) The smallest S-values are observed for phenyl protons, 
although H-3' and -5' of compound (20i) show a significantly 
larger (2.00 p.p.m.) than those of the other compounds because 
the phenyl group is attached to C-6 of the other flavone nucleus. 
This method is potentially very useful for the structure 
elucidation of new flavones. In the light of these results, 
some of the reported assignments of hexa-0-methylagathisflavone 
(7g) and hepta-0-methylsaharanflavone (12c) should be revised 
as shown in table-VI. 
G ; 
TABLE-yi 
Correction of reported proton assignments 
Compound 
Hexa-0-methyl 
Agathisflavone 
(7g) 
Hepta-0-methyl 
Saharanflavone 
(12c) 
5 ^ 
6.5l(s) 
6.53(s) 
6.64 
6.80(d, 
J=9Hz) 
6.56(d, 
J=3Hz) 
6.38(d, 
J=3Hz) 
6.51(s) 
6.39)s) 
6.68(d, 
J=9Hz) 
-values 
5.80 
0.28 
0.06 
0.03 
0.50 
2.20 
-0.44 
6.10 
-0.30 
Corrected 
position 
6" 
3" 
3 
5"' 
8 
6 
3" 
6" 
3',5' 
Reported 
position 
3 or 3" 
3" or 3 
6" 
3',5' 
6 
8 
6" 
3" 
5'" 
( r ) 
(3.49) 
(3.47) 
(3.36) 
(3.20) 
(3.44) 
(3.62) 
(3.49) 
(3.61) 
(3.32) 
The corrected assignments of hexa-0-methylagathisflavone 
(7g) were confirmed by n.o.e. studies as follows : 
on irradiation at the frequency of H^CO-S" (b4.06), the lowest 
methoxy-signal) enhancement was observed, at the H-6" signal, and 
on irradiation at the frequencies of H-,C0-7 (^3.80), h' CO-7" 
(3.88) and H2CO-4"• (3.75) enhancements were observed at the 
H-8,H-6" and H-3"' and -5"' signals, respectively. No effect 
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was observed at H-3 and -3" signals on irradiation of any 
methoxy-signal. 
The NMR spectrum of the acetylation product of new 
biflavones can be useful for determining the methoxy position 
of a new member of a known biflavone group. However, the 
value of the methoxy-group of such an acetate is not the same 
as that of the corresponding methoxy-group of the fully methy-
lated compounds, and the acetates are not suitable for the NMR 
shift reagent studies. Therefore, trideuteriomethylation of a 
new biflavone followed by estimation of S-values and comparison 
with those of known biflavone methylethers should be a good 
method for assigning the methoxy position. As an example 
trideuteriomethylation of sciadopitysin was carried out giving 
the results shown in Table-VII which are in agreement with 
the structure , 4',4"',7-tri-O-methylamentoflavone. Although 
the structure of sciadopitysin can be deduced from the b values 
of the trideuteriomethylation product without S-values in some 
cases, such as hinokiflavone or ochnaflavone, S-values are 
necessary for determining the methoxy positions because the 
methoxy signals are very close to each other. 
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TABLE-VII 
P o s i t i o n 
MeO-5 
- 5 " 
- 7 
- 7 " 
-4 ' 
_4 '• • 
H-3 
- 3 ' 
- 6 
- 6 " 
- 8 
- 2 ' 
- 6 ' 
- 2 " ' , 
- 5 ' 
, 6 " ' 
, 5 " ' 
S value 
3 , 9 3 ( s ) * 
4 . 0 6 ( s ) * 
3 . 8 7 ( s ) 
3 . 9 3 ( s ) * 
3 . 7 4 ( s ) 
3 . 7 2 ( s ) 
6 . 5 7 ( s ) 
6 . 6 3 ( s ) 
6 . 3 2 ( d ) 
6 . 5 0 ( s ) 
6 . 4 8 ( d ) 
7 . 8 5 ( d ) 
7 .92 (q) 
7 . 3 7 ( d ) 
7 . 1 2 ( d ) 
6 . 7 5 ( d ) 
— 
— 
0 .40 
— 
0 .120 
- 0 . 0 8 
0 .04 
- 0 . 1 8 
3 .10 
4 . 7 2 
0 . 5 6 
0 .32 
0 .04 
- 0 . 1 4 
- 0 . 1 2 
- 0 . 1 0 
* values of hexa-O-methylamentoflavone 
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13 
C-NMR Spectroscopy 
With 'H-NMR indirect information about the carbon 
13 
skeleton of an organic molecule is obtained. In C-NMR 
spectroscopy the carbon skeleton is directly observed because 
the peaks arise from all of the carbon atoms, whether they 
bear hydrogens or not. One great advantage of C-NMR spectros-
copy is the wide range of chemical shifts over which C nuclei 
absorb. Known carbon chemical shifts in diamagnetic compounds 
ciover a range of approximately 600 p.p.m. For almost all organic 
13 
molecules, complete C spectra appear between deshielded carbonyl 
groups and shielded methyl groups in a range of just over 
200 p.p.m. 
The very low natural abundance of C (1.108%) means 
that highly sensitive spectrometers employing special techniques 
13 13 
must be used to measure C spectra. Moreover, C is a much 
less sensitive NMR probe than 'H at the same magnetic field 
strength due to its nuclear properties. The sensitivity of 
NMR spectroscopy has been improved significantly by Pulse 
Fourier Transform technique (PFT) in combination with decoupling 
methods such as proton broad band and off-resonance decoupling. 
This is most economical and efficient method of sensitivity 
13 
enhancement in C-NMR of organic molecules. 
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H-NMR spectroscopy involving shifts of methoxyl signals 
in the spectrum of the permethyl ether, upon the progressive 
101 65'32b 
addition of deuterobenzene, has been used for the determination 
of interflavonoid linkage. The shift of the signal occurs if 
one position ortho-to a given methoxy group is unsubstituted. 
Though applied successfully in many cases, this method is 
restricted in its applicability. Thus in the case of hepta-0-
7 
methylsaharanflavone, one methoxy signal does not shift at all 
on the addition of deuterobenzene, supporting a 
linked structure, in spite of the fact that a [^ 1-3,11-8] linkage 
was later confirmed by synthesis. 
The use of lanthanide induced shift reagent Eu(fod)_ 
helped to differentiate the signals due to H-3, H-6 and H-8 
95 in 5,7-dimethoxyflavones and this has been extended to the 
biflavonoid permethylethers. ' However, since both flavonoid 
moieties are complexed, different shifts may result from the 
same substituent on each nucleus. Hence a method of wider 
applicability is necessary for an unambiguous determination of 
the interflavonoid linkage in such compounds. The assignment 
13 
of the signals in the C-NMR spectra of oxygenated biflavonoids 
have been achieved on the basis of off-resonance and proton 
coupled spectra and by analogy with published values ' 
for the monomeric compounds. On the basis of the chemical 
shifts of the signals and their multiplicities in the off-
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resonance spectra, it is possible to determine the interflavonoid 
linkage in biflavonoids. The level of oxidation of the ring C 
could be readily determined by considering the chemical shift 
value of the carbonyl resonances. The position of the methoxyl 
13 
substitution could also be inferred. Thus C method obviates 
the necessity of preparing the permethylethers which are 
obligatory for the H-NiMR solvent induced shift studies. As a 
consequence therefore, this method has potential also for the 
location of methoxyl substitution directly in a naturally 
occurring methylated biflavonoids. 
Linkages involving ring A :- The signals for C-6 and G-8 in 
13 the C-NMR spectra of monomeric flavanones, flavones and 
flavonols with a 5,7-dihydroxy substitution can be unambiguously 
differentiated by consideration of their multiplicities in 
proton coupled spectra and specific proton decoupling. For a 
large number of such compounds the resonances for these carbon 
120 
atoms were found between 90.0 p.p.m. to 100.0 p.p.m. The 
signal for C-6 is always found to be at lower fields than C-8 
in a variety of 5,7-dihydroxy compounds. This difference is small 
(Ca. 0.9 p.p.m.) in the flavanones and larger (Ca. 4.3 p.p.m.) 
in flavones and flavonols. The signal for C-8 appeared at 
higher field relative to that of C-6 and the assignment was 
119 
confirmed by specific deuteration at C-8. The alkyl or aryl 
substitution on an aromatic nucleus should not essentially 
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alter ( + 0.5 p.p.m.) the chemical shift of the meta-carbon 
atomsP^ This is well exemplified by a comparison of the spectrum 
of pinocembrin (5,7-dihydroxyflavanone) with that of its 6-C 
methyl and 8-C methyl derivatives, as well as that of luteolin 
(5,7,3•,4'-tetrahydroxyflavone) and its 8-C-benzyl derivative. 
TABLE-VIII 
Chemical shifts (p.p.m., TMS=0) of C-6 and C-8 in some 5,7-
dihydroxyflavones. 
Compounds C-6 C-8 
5,7-dihydroxyf lavanone 96 .1 95 .1 
(pinocembrin) 
6-C-Methylpinocembrin 102.1 94.7 
8-C-Methylpinocembrin 95.7 101.9 
3 ' , 4 ' , 5 , 7 - T e t r a h y d r o x y f l a v o n e 99.2 94.2 
( l u t e o l i n ) 
8 -C-Benzyl lu teo l in 98.6 103.8 
6-Hydroxyluteol in 140.4 93.6 
In all the^e compounds, the signals for the quaternary 
C-substituted carbon atom shifts by 6.0 to 9.6 p.p.m. downfield 
whereas the signal for the unsubstituted carbon is not markedly 
altered. Even a C-6 hydroxy substitution, as in 6-hydroxy-
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luteolin, only slightly alters the position of the signal for 
C-8 compared with that of luteolin Table-VIII. 
In the spectrum of cupressuflavone [_I-8,II-8j biapigenin, 
there are only thirteen resonances present due to high synunetry 
of the molecule. The signal for 1-6 and II-6 appears at 99.0 
p.p.m. whereas the signal for 1-8 and II-8 shifts downfield 
(relative to aplgenin) to 98.7 p.p.m., due to substitution effect 
of the interflavonoid linkage. These assignments were confirmed 
13 by the proton coupled C-NMR spectrum. Methylation of both 
1-7 and I1-7 hydroxyl groups in cupressuflavone shifts the 
signal for 1-6 and II-6 upfield to 95.6 p.p.m. whereas the 1-8 
and II-8 signal moves downfield to 99,1 p.p.m. Again confirma-
tion was achieved by taking the proton coupled spectrum in which 
the signal at 99.1 p.p.m. exhibited at J_^ interaction with 
un 
1-6 hydrogen atom. In the hexa-0-methyl ether of cupressuflavone, 
the signal for both 1-8 and ir~8 appears downfield relative to 
that of apigenin-tri-0-methylether, at 101.2 p.p.m. whereas 1-6 
and II-6 are not appreciably shifted. 
The spectrum of agathisflavone [l-6,II-8j biapigenin 
shows eight distinct resonances in the region 93.0 p.p.m. to 
104.0 p.p.m. The signals for the unsubstituted carbon atoms 
1-8 and II-6 appear at the expected values 93.7 p.p.m. and 
98.9 p.p.m. respectively while i-6 and II-8 had their resonances 
at 103.6 p.p.m. and 99.4 p.p.m. The downfield shifts experienced 
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by the latter two carbon atoms of 4.7 p.p.m. to 5.7 p.p.m. are 
due to the substitution effect of the interflavonoid linkage. 
The other four signals between 102.8 p.p.m. and 104.0 p.p.m. 
can be assigned to the carbon atoms 1-3, II-3, I-IO and 11-10 
respectively. There are seven signals in the region 94.0 p.p.m. 
to 104.0 p.p.m. in the spectrum of rhusflavone (naringenin 1-6, 
II-8 apigenin). They can be assigned by analogy with agathis-
flavone itself and the published values for naringenin. Thus 
the carbon atoms II-6 and II-8 of rhusflavone and agathisflavone 
had almost identical chemical shift values 98.3 p.p.m. and 
99.5 p.p.m. for the respective carbon atoms. The carbon atom 
1-6 resonated at 100.3 p.p.m. The difference in the level of 
oxidation of the two C rings in rhus flavone is clearly 
reflected in two well separated carboxyl resonances for 1-4 
120 (196.5 p.p.m.) and II-4 (182.3 p.p.m.). This, thus demonstrates 
13 the potential of C-NMR spectroscopy when one is dealing with 
biflavonoids with differing oxidation levels in the C rings. 
The spectral region 93.0 p.p.m. to 103.0 p.p.m., in the 
spectrum of rhusf lavanone|_I-6, Il-sjbinaringenin , comprises 
six resonances. The methine carbon lines for 1-8 and II-6 
appear as expected at 94.6 p.p.m. and 95.7 p.p.m. respectively. 
The signals at 101.2 p.p.m. and 100.3 p.p.m. can be assigned to 
1-6 and II-8 and those at 101.8 p.p.m. and 102.2 p.p.m. to I-lO 
and 11-10 carbon atoms. As in the case of cupressuflavone, 
the spectrum of succedaneaflavanone showed only twelve signals 
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due to the high symmetry of the molecule and the coincidence 
of the signals for 1-5, II-5, 1-9 and II-9 carbon atoms. The 
signal for 1-6 and II-6 appears at 101.1 p.p.m. whereas the 
unsubstituted 1-8 and II-8 carbon atoms resonate at 94.7 p.p.m. 
The signal at 101.9 p.p.m. for two quaternary carbon atoms can 
be assigned only to the I-IO and 11-10 atoms in succedanea 
flavanone. The signals at 101.1 p.p.m. and 101.9 p.p.m. were 
differentiated by the fact that signal intensity of the latter 
was much greater than that of the former, reflecting different 
relaxation behaviour. The assignment of the signals for 1-2, 
II-2, 1-3, ir-3 and the carbon atoms of the ring I-B and II-B 
in all the above compounds were made by the analogy with 
apigenin, its methylethers and naringenin. 
Linkages Involving rings A and B :- The three methine 
carbon atoms II-B, 1-5 and 1-8 of robustaflavone []l-3', II-61 
biapigenin can be easily assigned to the signals at 93.9 p.p.m., 
99.0 p.p.m. and 94.0 p.p.m. respectively. The signals for II-6 
carbon atom appears at 103.5 p.p.m. The spectral interval 116.0 
p.p.m. to 131.0 p.p.m. consist of eight resonances of the carbon 
atoms of the two B rings. This is almost identical with the same 
spectral region of amentof lavone [_I-3 ', Il-sjbiapigenin , and 
signals can be easily assigned on the basis of shifts expected 
for acylsubstitution at 1-3' and the off-resonance spectrijm. 
The signals for the three carbon atoms 1-6, 1-8 and II-6 in the 
11 
spectrum of amentoflavone can also be readily identified to be 
at 98.9 p.p.m., 94.2 p.p.m. and 99.1 p.p.m., respectively. The 
II-8 resonance appears at 104.1 p.p.m. and is 5.6 p.p.m. more 
downfield as compared with the position of the same signal in 
cupressuflavone. 
Linkages involving 1-3 :- The study of the spectrum of 
volkensiflavone naringenin [l-3, Il-Sjapigenin showed twenty 
two resonances at 100 C with coincidence of the signals for 
1-5, 1-9 and II-2 (at 163.7 p.p.m.), I-l', 1-2', II-2M-6' 
and ir-6' (at 128.1 p.p.m.), II-3• and II-5' (at 115.9 p.p.m.) 
and 1-3' and 1-5' (at 114.6 p.p.m.). The resonances for 1-2 
and 1-3 appeared at 81.4 p.p.m. and 48.2 p.p.m. respectively 
and are 3.0 p.p.m. and 6.2 p.p.m. downfield of the corresponding 
ones of naringenin. These shifts are due to the p-and </^ -
substituent effect of the 8-apigeninyl moeity at the carbon 
atom 1-3. The resonances for 1-6 and 1-8 appear at 96,4 p.p.m. 
and 95.3 p.p.m. whereas those of 11-6 and II-8 appear at 98.5 
p.p.m. and 100.6 p.p.m. respectively. As it is expected that 
the two carbonyl resonances at 196.0 p.p.m.(1-4) and 181.6 p.p.m. 
(II-4) reflect the respective levels of oxidation of the two 
C-rings. The presence of conformational equilibrium, due to 
inhibition of free rotation about the C-C bond in the inter-
flavonoid linkage, in volkensiflavone was demonstrated by 
running the spectn^m at 35 C. Two signals of differing intensity 
IS 
for each of the carbon atoms 1-2 (81.3 p.p.m. and 82.4 p.p.m.) 
and 1-3 (48.7 p.p.m. and 47.9 p.p.m.) are present in the 
spectrum. In addition, several carbon resonances were consider-
ably broadened. 
Location of methoxyl groups :- The position of a methoxyl 
sobstituent in a biflavonoid can not be determined on the basis 
of the chemical shift of the methoxyl carbon as the variation 
is too small to be of diagnostic value. However, steric crowding 
as in the case of 5,6,7-tri-O-methyl compounds does cause a 
downfield shift of methoxyl carbons by Ca 6.0 p.p.m., whereas 
in a 5-hydroxy-6-7-dimethoxy derivative, the shift is only of 
the order of 3.0 p.p.m. The downfield shift of the signal for 
the carbon bearing the hydroxyl group, on methylation is also 
variable. However, the upfield shift of the signal for the 
ortho carbon atoms is more reliable diagnostically, thus 
120 
enabling an indirect determination ,of the site of 0-methylation. 
In conclusion, it is apparent that mere inspection of 
the chemical shift values in the spectral region 90.00 p.p.m. 
13 to 105.0 p.p.m., in C-NMR spectrum of a new biflavonoid being 
isolated, can give a good indication of the linkage position if 
ring A is involved in a C-C linkage. This may be additionally 
confirmed by a normal off-resonance spectrum. 

so 
MASS SPECTROMETRY 
The mass spectra of a wide variety of organic natural 
products have been studied during the last few years. The 
introduction of the inlet system suitable for volatilization 
of high molecular weight (M ,300-1200) organic materials has 
greatly increased the utility of mass spectrcxnetry. Generally 
fragmentation is related to the structure of the intact molecule. 
Recently a number of papers on the evaluation of structure-
fragmentation pattern relationship in mono-and biflavonoids 
have appeared. 
Flavones 
122 Kingston has discussed the mass spectra of a large 
number of flavones, flavonols and their ether derivatives. 
He has summarized the manner in which monoflavones fragment: 
(a) Flavones with fewer than four hydroxy groups do not readily 
fragment, a consequence of the stability of their molecular ion. 
(b) Flavones with fewer than four hydroxy groups tend to undergo 
decomposition predominantly by way of the retro Diels-Alder 
process. ' This and other common fragmentation processes are 
123 
shown in Chart-I using apigenin as a typical example. 
(c) An (M-1) ion is often found in the mass spectra of 
flavones, its origin is, however, obscure. 
SI 
'/ \Vo H 
M 2 7 0 ( 1 0 0 ) 
OH 
m/e 242 ( major ) 
OEC-Y/ \ > -OH '^ O 
^C ) m/e 121 OH « 
( B ) m/e 11ft 
CA) m/e 152 
•CO 
A - 2 8 
I 
t -y. OHV ^O 
< > 
'^O. 
II + OHC '/ \^  OH ^ - '^ ^^ sQk?^  
OH CC ) m/^ 121 
CHART- 1 
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(d) The presence of ion (c) (Chart-I), frequently more 
intense when a 3-hydroxy group is present, is attributed to 
the alternative mode of retro-Diels-Alder fragmentation also 
depicted in Chart-I. 
(e) Doubly charged ions are frequently present, 
(f) When heavily substituted with hydroxyls and methoxyls, 
the flavones tend to fragment in a less predictable manner, 
retro-Diels-Alder process becomes insignificant and the 
spectrum is dominated by the molecular ion and ions at M-15, 
M-28 and M-43p'*'-^^^ 
Flavanones 
In the case of flavonoids with reduced hetrocyclic ring, 
fragmentation by path A and B are of great importance as they 
lead to clear cut, characteristic spectra (Chart-Il). 
Path A 
Path B 
- > 
-> 
f 
^ 
C 
+ . t 
II 
0 
ill 
to 
CH=CH2 
( CHART -II ) 
H3 
Another method of breakdown, that helps to characterize 
the flavanones is the loss of either a hydrogen atom or any 
aryl radical from the molecular ion to give even electron 
fragments. 
OCH3O 
OCH3OH 
These fragmentation processes are illustrated in the 
case of 4'-methoxyflavanone (Chart-Ill). The fragment with 
methoxy group takes nearly all the charge due to resonance 
stabilization. 
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M'^254 
0^^3 Path A 
m/e 121( 3 0 ) 
'/ \V-&CH. 
m /e 120C35) '"/e 134(100) 
HC 
I 
H C + 
m / e n 9 ( 3 2 ) 
OCH-
m/e 91(12 ) 
m/e 2 5 3 ( 3 0 ) 
( CHART-III ) 
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Another peak is at m/e 108 arising from a hydrogen transfer 
reaction. 
The presence of hydroxyl or methoxyl group at C-4 
position of ring B facilitates, by enhanced resonance stabiliza-
tion of the resulting fragment ion, the formation of p-hydroxy 
benzyl or p-methoxybenzyl ion ( or their equivalent tropolium 
ions), respectively. These ions appear as peaks of significant 
intensity in the mass spectrum of naringenin/its trimethyl 
ether. 
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Biflavones 
1 P 6 
Seshadri and his co-workers have made a more specific 
study of the mass spectral fragmentation of the permethyl ether 
derivatives of amentoflavone, cupressuflavone and hinokiflavone. 
The following fragmentation schemes (Chart IV,V,VI) have been 
proposed to explain the appearance of some of the ions observed. 
Molecular ion is usually the base peak. Apart from the processes 
mentioned earlier for apigenin/its trimethyl ether these 
compounds also undergo (i) fission of the C-C or the C-O-C 
linkage between the aromatic residues, (ii) elimination of CO 
and CHO from the biphenyl ethers and (iii) rearrangement 
involving condensation between the phenyl rings. Sterric 
factors seem to play an important role in influencing the 
breakdown made and internal condensations. Formation of doubly 
charged ions is frequently observed. 
The mass spectra of amentoflavone hexa methyl ether and 
cupressuflavone hexamethyl ether are similar, molecular ion 
being the base peaks in each case. Difference lies in the 
intensities of the corresponding peaks due to variation in 
substitution patterns and steric factors. The main peaks 
together with their intensities in the mass spectra of these 
compounds are given as follows :-
Amentoflavone hexamethyl ether 
8 7 
Maln p e a k s (m/e; I n t e n s i t y ) i 6 2 2 ( 1 0 0 ) , 6 2 1 ( 3 1 ) , 6 0 7 ( 3 3 ) , 5 9 2 ( 8 ) , 
5 7 6 ( 1 0 ) , 3 1 2 ( 2 ) , 3 1 1 ( 5 ) , 2 4 5 ( 5 ) , 1 8 1 ( 2 ) , 1 8 0 ( 3 ) , 1 3 5 ( 1 6 ) , and 
1 3 2 ( 3 ) . 
OCH3Q 
m/g 5 7 G ( 1 0 ) ""/e 2 4 5 ( 4 9 0 ) ( 5 ) 
OCH 
'^^O. 0 
^ . 
OCH3 
OCH-
OCH-
M ; m/e 6 2 2 ( 1 0 0 ) 
OCH3 
H3CO 0 
^ ^ ' " / e 1 3 2 ( 3 ) " ^ / e 1 8 0 ( 3 ) 
m/e 181 
'"/e 135(16) 
( CHART-rV ) 
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Cupressuflavone hexamethyl ether 
Main peaks (m/e; intensity) t 622(100), 621(38), 607(8), 
592(18), 576(4), 312(7), 311(14), 245(11), 135(26), and 
132(14). 
OCH-
OCH3 
^"^/e 311(14) 
y 
•^ m/g 132 (14 ) 
M* m/ . 6 2 2 ( 1 0 0 ) 
OCH30 H-,CO 0 
^ I II 
'C 
OCH 
OCH 
OCH^ 
. fn/e 5 7 6 ( 4 ) ++ m/e 2 4 5 ( 4 9 0 ) c i l ) 
CHART-V 
S3 
The peaks at m/e 607 and 592 obviously arise by the loss 
of methyl groups. The peak at m/e 576 has been assigned to 
the structure B (Chart IV and V ), a condensation product. 
Such a condensation product has been reported to be formed 
127 
when amentoflavone is heated with Zinc dust. The reason for 
difference in intensities of such ions in the spectra of 
cupressuflavone hexamethyl ether (4%) and amentoflavone hexa-
miethyl ether (10%) is that the former is a symmetric type. 
This results in differences in the steric disposition of one 
flavone unit relative to the other, thus hindering or favouring 
126 
condensation between the phenyl rings. 
The ion at m/e 311 is due to both the doubly charged 
ion (M ) and the apigenin trimethyl ether fragment (M /2). 
The difference in the intensities in the spectra of cupressu-
flavone hexamethyl ether (14%) and amentoflavone hexamethyl 
ether(5%) is due to variation in the oxygenation pattern of 
the biphenyl residues in the two compounds, which is responsible 
for differences in the labile nature of the interapigeninyl 
bond. Another explanation would be that the removal of another 
electron from M is difficult in the case of (Ip). Thirdly 
double RDA fission of molecular ion (Ip) may yield the fragment 
(c) m/e 310 (3%) which after accepting a hydrogen atom gives 
an ion D having m/e 311. A perplexing observation in the 
complete absence of the ketene ion (m/e 180) in the spectrum 
u 
of cupressuflevone methyl ether and its feeble intensity (3%) 
in amentoflavone methyl ether. If the biphenyl linkage in both 
the cases breaks easiiy to give apigenin trimethyl ether units, 
it should be expected that the later would give the ketene in 
considerable intensity. The observation that the ketene fragment 
is either absent or of only a feeble abundance may indicate that 
the breaking of biphenyl linkage is not a favourable process. 
It may, therefore, be summarised that the ions 180, 135 and 
132 originate directly from the molecular ions M or M by RDA 
fission. 
Steric factor become so much dominant in the agathis-
43 flavone hexamethyl ether that the ion at m/e 311 appears as 
base peak instead of the molecular ion, m/e 622 (90). The main 
Peaks in its spectrum are : 622(90); 607(54); 591(98); 573(24); 
561(15); 521(12); 497(24); 325(20); 311(100); 281(12); 245(22) 
and 135(65). 
Hinokiflavone Pentamethyl ether 
The mode of fragmentation is considerably different from 
those of amentoflavone, cupressuflavone and agathisflevone 
hexamethyl ether (Chart VI) 
Main Peaks : 608(39); 607(12); 593(36); 580(4); 579(11); 578(11); 
576(6); 431(7); 327(23); 312(22); 311(22); 304(2); 297(29); 296(75); 
281(22); 181(11); 180(3); 135(19); and 132(18). 
9i 
OCH-
"1/e 297(29) 
OCH3 
% 311(2 2 ) 
I 
UJ 
I-
3 
O 
ex. 
OCH '^ ca 
.r^  
ra/e 431(7 ) ^—^ HXO 0 
m/e 2 9 6 ( 7 5 ) 
OC H 0 M"^  m/j, 6 0 8 ( 3 9 ) 
I 
UJ 
ZD 
O 
Q : 
OCH-
OCH3 
m/e 5 7 6 ( 1 6 ) 
OCH-
m/fe 2 8 1 ( 2 2 ) 
CHART-VI 
»n/e 32 7 ( 2 3 ) 
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The base peaks in this case appears at m/e 313 and the 
molecular ion (m/e 608) amounts to 39% of this peak. This could 
be attributed to the fact that the biphenyl ether bridge suffers 
easy rupture; hydrogen transfer then leads to 313 fragment. 
The fission of the ether bridge in (20 i) can take place in two 
ways :(i) by route (1) giving the ions at m/e 297(29) and m/e 
311(22) and (ii) by route (2) giving ions at m/e 281 (22) and 
m/e 327(23). However, the observation that the 313 ion is most 
intense suggests that route (1) is favoured i.e. the bond 
between the oxygen bridge and the highly oxygenated phenyl ring 
breaks preferably. The ion at m/e 304 is obviously M , since 
the molecular ion in this case cannot split into two equal 
fragments having this m/e value. Further evidence for the doubly 
charged nature of this ion is provided by the appearance of the 
isotope peak at half a mass unit higher (304.5). 
Ions which arise by the loss of methyl groups (593,578), 
by loss of CO(580) and CHO(579) and by internal condensation 
(576) are also found in the spectrum of (20 i). The ions 
corresponding to those formed by the loss of CO and CHO are not 
found in the spectra of biphenyl type biflavones. The spectrum 
also contains fragments 431(7) and 296(75) which arise by 
various mode of RDA fission of (20 i). 
fi3 
The spectrum of penta-0-methylochnaflavone is also very 
similar to hinokiflavone pentamethyl ether. The main peaks 
appear at 608 (M"^) ; 594, 580, 327, 311; 304 (M"^ "*") ; 297, 281 etc. 
Biflavanones : 
Jackson et al.' ~ have successfully applied mass 
spectrometry to elucidate the structure of biflavonoids of 
GB-series (13) containing two flavanone units linked through 
\_ 1-3, II-s) . 
( 13 ) 
(a) GB-1; R^= OH, ^2 ~ " 
(b) GB-la;R^= ^2 "^  " 
(c) GB-2; R = R- = OH 
(d) GB-2a; R = H, R2= OH. 
All the features observed in the mass spectra of 
biflavonoids of 'GB' series and their methyl ethers have 
9-; 
analogies with similarly s'obstituted monoflavanones. The 
fragmentation pattern of G3-I heptamethyl ether is shown below 
( Chart-VU.) 
The mass spectrum of GB-1 heptamethyl ether (13f ) 
showed the presence of ions at m/e 121, 154, 181, 312 and 476. 
The presence of ions at m/e 154 and 181 consistent with the 
fragment [^(C H^COMe)^ OH]"*" and CgH2 (OMe) ^ OH CO, respectively 
supported the presence of phloroglucinol ring system derived 
from a 5,7-dihydroxyflavanone system. Mass spectrum also 
supported the nature of the linkage since the fragmentation of 
molecular ion at m/e 656 can be rationalized by RDA reaction 
of flavanones first at ring I-C to give a fragment ion at m/e 
476, followed by a similar fragmentation at ring II-C to give 
an ion at m/e 312. This two stage breakdown fragmentation 
pattern is fully substantiated by the presence of meta stable 
peaks. These results can only be accomodated by a linkage 
from the oxygen heterocyclic ring I-C to the phloroglucinol 
ring II-A (Chart-VII). The production of phloroglucinol 
dimethyl ether ion at m/e 154, a process which is not observed 
in simple analogous flavanones is probably of thermal origin. 
In fact phloroglucinol is so readily lost from GB flavanones 
that if the temperature of the ion chamber in the mass spectro-
meter much exceeds the minimum (•—-220 ) for evaporation of the 
sample, there is difficulty in detecting the molecular ion. 
fIJ 
OCH3 
'^  ^^ n./ 6 56 OCH. 
H3CO 0 
'n/e312 
C H A R T - V I I 
9o 
The thennal instability of G3-1 was established by heating it 
in a tube at 280 and from the pyrolysis product, phloroglucinol 
was isolated and characterised. 
57 As suggested by Pelter, the ion at m/e 312 can not be 
due to the formation of apigenin trimethyl ether because 
fragmentation pattern below 312 of GB-I bears no resemblance 
to that of apigenin trimethyl ether. The ions, m/e 180 and 
m/e 132, which could arise by RDA rection of apigenin 
trimethyl ether, are entirely absent from the spectra of 
GB biflavanone methyl ethers. 
9/ 
Flavenone-Flavone type biflavonoids 
Venkataraman et al. Jackson et al. and Vishwanathan 
et al. have reported the mass spectrajL studies of [_I-3,II-8j 
linked flavenone-flavone type biflavonoids. These combine 
the characteristic fragmentation patterns of a flavanone and 
a flavone. The mass spectr'om of talbotaflavone hexamethyl 
55 
ether (llh) shows fragmentations as shown in Chart VIII. 
The mass spectral fragmentations of morelloflavone 
(11a) heptamethyl ether are similar to those shown for 
talbotaflavone hexamethyl ether (llh) except for the increase 
of 30 mass units in the ions (Chart VIII), C (3%), D (10%), 
E (2%), F (4 6%) and G (2 2%) due to an extra methoxy group 
in the II-B ring. The intensities of other ions are A (32%), 
B(32%), H(13%) and 1(100%). 
The mass spectral studies of the biflavonoids reveal 
that their fragmentation patterns depend not only on the 
constituent monomeric flavonoid units but also on the nature 
and position of interflavonoid linkage. While the cracking 
pattern of simpler flavonoids are less complex, in application 
of these concepts to biflavonoids, one has to take into 
consideration the influence of the additional structural and 
steric factors. 
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m/e 137(12) OCH 
OCH^ 
OCH-
Vo, 
1 . 0 , +CHc OCH / - ' 2 " ' 'e l35(22) 
- / e 180(15) / " " ' ' ' ' ^ ' ° ° > 
OCH 
Vo 
*"/€ 311(40) 
.. A c=o 
H3C6 0 
•"/e 1 9 5 ( 9 2 ) 
">^ °^ 
OCH3 
m/e 1 5 4 ( 3 6 ) H3CO 
'V. 
'"/e 1 8 1 ( 8 0 ) ^ C o 
m/g 4 4 4 ( 5 0 ) 
OCH-
.fn/e 5 1 7 ( 5 ) 
C H A R T - V I I I 
9J 
Synthesis of biflavonoids 
The synthesis of the biflavonoids with reduced hetero-
cyclic rings introduced problems of stereochemistry which can 
be expected to offer a great challenge to the chemist of the 
future. However, recently synthesis of hepta-0-methyl fukugetin 
( Chart XI ) has been reported. A partial synthesis of GB-la 
p 
has also been effected. The synthetic approaches to members of 
the biflavone families fall into four distinct categories. 
1. Coupling of two flavone nuclei by the Ullmann reaction. 
2. Ullmann synthesis of suitably substituted biphenyls and 
biphenyl ethers, followed by their heteroannulation to 
biflavones. 
3. Wessely-Moser rearrangement of existing biflavones e.g. 
interconversion of cupressuflavone and agathisflavone. 
4. Biogenetic type synthesis. 
1. Ullmann Coupling of Flavones 
A number of biflavonoids with different interflavonoid 
linkages have been synthesized by the application of Ullmann 
128 129 
reaction. Nakazawa ' accomplished the synthesis of 
amentoflavone hexamethyl ether by mixed Ullmann reaction between 
3'-iodo-4•,5,7-tri-O-methyl flavone (48) and 8-iodo-4',5,7-
tri-0-methyl flavone (49) cupressuflavone hexamethyl ether was 
I t i O 
obtained as a by product and was found identical with the one 
39a 
obtained from natural sources. Later on Seshadri et al. have 
also synthesized cupressuflavone hexamethyl ether from 3-iodo-
4',5,7-tri-O-methyl flavone (49) under modified conditions of 
Ullmann condensation. 
( 48 ) 
>9 
OCH3 ^^0. 
( 4 9 ) 
OCH3 
' ' ' ^ % . 
( IP ) 
OCH-
OCH-
lUi 
The synthesis of []l-4 '-O-II-sJ and [^ 1-4 '-0-II-6] 
linked hinokiflavone methyl ethers has been reported by 
Nakazawa. The permethylated 3•-nitro-biflavone methyl ethers, 
the key intermediates were obtained by condensation of 3'-
nitro-4'-iodo-5,7-di-0-methyl flavone (50) and 8-and 6-hydroxy-
4',5,7-tri-O-methyl flavones (51) and (52) in DMSO in the 
presence of K^CO_. The nitroethers were reduced by Na„S-0^ in 
'^ 2 3 - ' 2 2 4 
aqueous DMF, diazotized and decomposed with 50% H^PO^ to give 
pentamethyl ethers of hinokiflavone (55) and (20i). 
NO2 
H3CO 
( 53) ( 55 ) 
HCO 3 
1U2 
( 5 0 ) + 
( 2 0 i ) 
CHART- IX 
JO J 
2. Ullmann synthesis of biflavones via biphenyl and blphenyl 
ether precursors 
130 Mathai and Co-workers first introduced this approach 
to the synthesis of biflavones in 1964. However, none of the 
13 1 biflavones prepared by them occurs naturally. Ahmad and Razaq 
appear to have quickly realized the potential of the method and 
have successfully synthesized the hexamethyl (6i) and tetra-
methyl (6g) ethers of cupressuflavone as shown in chart X. The 
method involved Ullmann coupling between two molecules of 
l - i o d o - 2 , 4 , 6 - t r i m e t h o x y benzene (56) t o form a b iphenyl system 
(57) as the first step. Subsequent Friedel Craft's acylation. 
Partial demethylation and condensation with anisaldehyde gave 
a bichalcone (59). Oxidative cyclization of the bichalcone by 
SeO^ gave cupressuflavone hexamethyl ether (6i) which on 
partial demethylation was converted into cupressuflavone 
tetramethyl ether (6g). 
J0-; 
OCH-
OCH3 OCH 
Ullmann 
- '"eaction 
\ ""300 
H3CO 
'/X, CH3COCI 
( 56 ) 
^C^'^ AlCl3/PhN0 
'3 BC13/0** 
cv^-i 
OCH3 
( 57 ) 
' 3 ' ' 
( 5 8 ) 
OCH^O 
OCH 
OCH3 
Se02 
OCH-
( 5 9 ) 
OCH.o 
( 6 0 ) 
( 6 i ) 
OCH3 
BCl3/d'^CV 
^ V? 
OCH-5 
OCH 
OCH-
C H A R T - X ( 6 9 ) 
!{}. 
132 Later on Kawano et al. have also used the same method for the 
synthesis of agathisflavone hexamethyl ether (7g) and 
cupressuflavone hexamethyl ether (6i). From the Friedel Craft's 
acylation of (57) with acetylchloride and aluminium chloride 
in diethyl ether the two compounds (58) and (59) could be 
isolated. Subsequent acylation of these compounds with 
P-anisoylchloride, Baker-Venkataraman rearrangement and ring 
closure gave cupressuflavone hexamethyl ether (6i) and 
agathisflavone hexamethyl ether (7g) respectively. 
OCH 
OCH-
OCH3O 
cP^V^o. 
% 
''V 
OCH. 
( 79 ) 
• > ( 5 8 ) ( 6 i ) 
nio 
The structure of Ochnaflavone as 1-4',1-5,II-5,1-7, 
II_7_pentahydroxy (^ 1-3 '-0-II-4'J biflavone (21a) was confirmed 
12 by the synthesis of its methyl ether (2 If) using diphenyl 
ether dicarboxylic acid chloride (60) and 0-hydroxy Phloro-
acetophenone dimethyl ether in the following way. 
ClOC 
COCl 
OCH-
i 
(21f ) 
i ( j ; 
The alternative structure (63) suggested for Ochnaflavone-
12 
methyl ether was also synthesized in the same way using 
the isomeric diphenyl carboxylic acid chloride (62). 
( 62 ) 
lOi 
3. Wesseley-Moser rearrangement 
The Wesseley-Moser rearrangement which attended Seshadri's 
44b 
synthesis of hlnoklflavone pentamethyl ether has been put to 
45 beneficial use by Pelter et al. for the synthesis of agathls-
flavone hexamethyl ether. Pelter et al. treated (+)-cupressu-
flavone hexamethyl ether with hydroiodic acid in acetic anhydride 
at 130-140 for 8 hours (typical Wesseley-Moser conditions) 
after which time the reaction was worked up and remethylated 
to give a mixture of (j-)-agathisf lavone hexamethyl ether and 
(+)-cupressuflavone hexamethyl ether in the ratio 3:2 (w/w). 
The conversion constituted the first preparation of a member of 
agathisflavone family. 
4. Biogenetic type syntheses 
Oxidative coupling offers the most stimulating and 
aesthetically pleasing route to the biflavones since it most 
closely follows the process which is believed to occur in nature. 
The application of phenol oxidative coupling to synthetic 
chemistry has, therefore, been extensively studied. It has 
been experimentally established in the phenol oxidation mechanism, 
the phenolate ion is oxidised, by an electron oxidant like 
ferric chloride or potassium ferricyanide, to a phenoxy radical, 
ArO +[Fe(CN) 3 
- ^ 1 
^ 2 
4-
ArO + Fe(CN)g 
The free electron in the phenoxy radical may be shown 
at various places by mesomeric effect. The free radicals are 
then coupled rapidly and irreversibly under kinetic control, 
by three of the many modes of dimerization theoretically 
possible. 
(i) Homolytic coupling 
2 ArO* • (ArO) ^ 
(ii) Radical insertion 
Ard + ArO ^^ * ( ArO ) ^ 
(iii) Heterolytic coupling 
ArO — • ArO 
ArO + Ar5 • (ArO) ^ 
It is reasonable to assume that coupling occurs fastest 
at the positions of highest density of the free electron except 
where there is steric hinderance to approach. 
The parent biflavone together with their various 0-methyl 
ethers exhibit either C-C or C-0 linkage between the flavonoid 
units which might be expected to arise through oxidative coupling 
of apigenin derived radicals (64) and (55) by three of the many 
modes of dimerization theoretically possible. 
.] ! J 
( 65 ) 
133 Molyneux et al. have investigated the oxidative 
coupling of apigenin using alkaline potassium ferricyanide and 
isolated two biflavones (66) and (67) with interflavone linkages 
[1-3,11-33 and [l-3,II-3'] respectively. 
I l l 
( 66 ) 
The synthetic compounds (66) and (67) appear to arise 
presumably by appropriate spin pairing of the mesomeric radical 
(64), although none of the symmetrical []l-3,Il-3'J linked 
dimer, which might also be expected to be formed, could be 
isolated. These observations were consistent with the findings 
134 
of Kuhnle et al. who studied the electron spin resonance 
spectra of flavonoid anion radicals (derived from polyhydroxy-
flavones and having a 5-hydroxy function) and concluded that 
the delocalization of an unpaired electron initially generated 
at the C-4' hydroxy group in apigenin occurs only in rings B 
and C (64). Thus, in order to achieve an interflavone linkage 
to ring A, Molyneux et al. believe that a radical initially 
generated at C-4* in apigenin and delocalized (64), attacks 
electrophilically the electron rich C-6 or C-8 positions of 
the phloroglucinol ring of an intact apigenin molecule i.e. 
radical substitution occurs in preference to radical pairing. 
1 1 2 
Seshadri et al. have recently carried oat oxidative 
coupling of apigenin-4',7-dimethyl ether (68) with ferric 
chloride in boiling dioxane and isolated a dimer in 6% yield 
whose properties suggest that it is the C^-Q coupled biflavone 
(69). 
OCH 
( 68 ) 
OCH3 
135 On the basis of these findings Seshadri et al. have 
suggested that when hydroxy groups are protected by methylation 
(leaving only the 5-OH free), dimerization takes place through 
6-or 8-positions of the A rings. It is reasonable to expect 
that in nature adequate mechanisms are available for protecting 
the hydroxyl groups and bringing about the coupling through the 
positions in A ring. 
DISCUSSION 
I J J 
FLAVONOIDS FROM TWO CUPRSSSUS SPECIES 
The genus Cupressus (Cupressaceae) consists of about 
12 species, evergreen trees or shrubs distributed in the 
Mediterranean region, tropical Asia and North America. 
The most significant feature of the genus is the 
occurrence of cupressuflavone and amentoflavone as the major 
amounts of biflavonoids, with hinokiflavone and their some 
minor monomethyl ethers. The present discussion deals with 
the isolation and characterization of flavonoid pigments 
from the leaf extracts of Cupressus Sempervirens var. 
horizontalis and Cupressus cashmeriana Royle. The flavonoid 
constituents so far identified in Cupressus species are 
recorded in Table-X. The occurrence of quercettn gl/cosides 
constitutes the first example of the presence of flavonoid 
glycoside in cupressus species. It is noteworthy that 
Cupressus sempervirens which is the original source of the 
39b first isolation of cupressuflavone, was examined earlier by 
different groups of workers ' and found to contain only 
cupressuflavone and amentoflavone series. The present work 
on this species, however, revealed the presence of hinoki-
flavone series also, in addition to cupressuflavone and 
amentoflavone. Biflavonoid constituents of Cupressus 
cashmeriana and C. Sempervirens are very similar to each 
11 4 
other except for the difference that C. cashmerlana contains 
I-7-O-methyl amentoflavone, while C. Sempervirens and others 
contain II-4'-0-methylamentoflavone. The presence ot di-0-
methyl hinokiflavone in only C. sempervirens species is also 
noteworthy. 
11 
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Flavonoids from the Leaves of Cupressus sempervirens Linn 
(var. horizontalis) 
The acetone extracts of dried and powdered leaves 
(procured from J.P. Udhyan, Munger, Bihar, India) after 
purification by solvent treatment were reflioxed with ethyl-
acetate for 24 hrs., filtered and the filtrate evaporated 
to give a dark brown mass. It was then treated with water 
and the water insoluble and soluble portions thus obtained 
were analysed separately for flavonoids. 
Water Insoluble Portion :- The insoluble residue on further 
purification by solvent treatment and column chromatography 
on silica gel followed by PLC (silica-gel BDH, BPF-36;9:5) 
yielded five fractions, labelled as CS-I, CS-II, CS-III, 
CS-IV and CS-V (minor) in the increasing order of their R^ 
values. The usual colour reactions and UV spectra in methanol 
indicated all of them to be flavonoids. 
CS-I although homogeneous in chromatographic behaviour, 
on complete methylation followed by TLC examination (R^ and 
85 
characteristic fluorescence in UV light) was found to be the 
mixture of amentoflavone and cupressuflavone, CS-I was, 
therefore, subjected to CCD separation between ethylmethyl 
ketone and borate buffer (pH 9.3) which yielded CS-IA and 
113 
CS-IB. These were characterized as amentoflavone (la) and 
cupressuflavone (6a) respectively by H-NMR studies of their 
methyl ethers and acetates. 
CS-II was characterized as 5,7,3,3',4'-pentahydroxy-
flavone (quercetin) (70a) by UV spectral shifts^^^and •'•H-NMR 
studies of its acetate. 
CS-III was a mixture of hinokiflavone and mono-0-methyl 
amentoflavone (TLC examination of CS-III and its methylated 
85 product). The CCD separation of CS-III between MeCOEt and 
borate buffer (pH 9.8) provided CS-IIIA and CS-IIIB which 
were characterized as hinokiflavone (20a) and II-4'-0-methyl 
amentoflavone (Podocarpus flavone-A)(Ic) respectively by 
H-NMR spectral studies of their methyl and acetyl derivatives. 
CS-IV was characterized as II-7-O-methylhinokiflavone 
(Isocryptomerin, (20b) by H-NMR spectral studies of its 
acetate. 
CS-V being minor could only be detected by TLC as 
di-0-methylhinokiflavone. 
i:a 
Water Sol^jble Portion :- The water solvable fraction on 
extraction with ethylacetate and paper chromatographic examina-
tion, showed only one spot (CSg), which was purified by 
preparative paper chromatography. Its homogeniety was also 
checked by two dimensional paper chromatography. CSg was 
characterized as quercetin-3-0-ciC-L-rhamnopyranoside (70b) 
by spectral and chromatographic studies of the glycoside 
as well as the hydrolysed products. 
1-4',II-4',1-5,II-5,1-7,lI~7-Hexahydroxy(1-3',II-8) blflavone 
(CS-IA) 
CS-IA m.p. 322-323'^C 
CS-IAM (Methyl ether) m.p, 225-227^0 
CS-IAA' (Acetate) m.p. 241-243*^C 
The results of H-NMR spectra of CS-IAM and CS-IAA' 
are given in Table-XI. 
I2i 
TA3LS-XI 
Chemical shifts of protons of CS-IAM and CS-IAA* 
Assignment CS-IAM (Methyl ether) CS-IAA'(Acetate) 
H-I-2' 7.84{lH,d,J=3 Hz) 8.02(IH,d^J=2.5 Hz) 
H-I-6' 7.86(lH,q, J-^ =9 Hz, 7.98 (IH, q, J^=8.5 Hz, 
J2=3 Hz) '^2~^*^ "^^ 
H - I I , 2 ' , 6 ' 7 . 3 7 ( 2 H , d , J = 9 Hz) 7 . 4 7 ( 2 H , d , J = 8 . 5 Hz) 
H - I - 5 ' 7 . 0 8 ( l H , d , J = 9 Hz) 7 . 4 5 ( l H , d , J = 8 . 5 Hz) 
H - I I - 6 6 . 6 4 ( l H , s ) 7 . 0 1 ( l H , s ) 
H - I I - 3 ' , 5 ' 6 . 7 1 ( 2 H , d , J = 9 Hz) 7 . 0 2 ( 2 H , d , J = 8 . 5 Hz) 
H- I -8 6 . 4 7 ( l H , d , J = 3 Hz) 7 . 2 6 ( l H , d , J = 2 . 5 Hz) 
H - I - 3 , I I - 3 6 . 5 9 , 6 .49(2H e a c h , s ) 6 . 6 8 , 6 . 6 6 ( l H e a c h , s) 
H - I - 6 6 . 3 2 ( l H , d , J = 3 Hz) 6 . 8 3 ( l H , d , J = 2 . 5 Hz) 
OMe/OAc- I -5 , I I -5 3 . 9 0 , 4 . 0 5 ( 3 H e a c h , s ) 2 . 4 6 , 2 . 4 4 ( 3 H e a c h , s) 
1 -7 ,11 -7 3 . 8 7 , 3.81{3H e a c h , s ) 2 . 2 7 , 2.25{3H e a c h , s) 
I - 4 ' , I I - 4 ' 3 . 7 5 , 3 .71(3H e a c h , s) 2 . 0 8 , 2 . 0 1 ( 3 H e a c h , s) 
s = s i n g l e t , d = d o u b l e t , q = q u a r t e t . S p e c t r a run i n CDCl. 
a t 100 MHz, TMS a s i n t e r n a l s t a n d a r d . 
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In the NMR spectrum of CS-IAM, there were evidenced 
ABX and A„B_ systems associated with rings 1-3 and II-B 
respectively. Thus rings I-B and II-A of the biflavone 
seemed to be involved in interflavonoid linkage. In 
particular theSvalues showed that C-I-3' is linked to either 
C-II-6 or C-II-8. The observation that in flavones, having 
aromatic substituent at C-I-8, the I-5-OMe group generally 
appears above 8 4.0 (Table-XIl), led us to believe that 
substituent (on flavone unit) in CS-IAM (methyl ether) was 
located at C-II-8 and not at C-II-6 
TABI£-XII 
Biflavonoid I-5-OMe II-5-OMe 
1. Cupressuflavone hexamethyl 5 4.12 5 4.12 
ether 
2. Amentoflavone hexamethyl ether 5 3.87 5 4.06 
3. Agathisflavone hexamethyl ether 5 3.86 S4.05 
4. Hinokiflavone Pentamethyl ether 54.00 6 4.08 
(C-I-4'-0-C-II-8) 
5. CS-IAM 53.92 64.05 
6. Hinokiflavone Pentamethyl ether 5 3.94 53.91 
(C-I-4'-0-C-II-6) 
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An authentic sample of amentoflavone hexamethyl ether 
was shown to give an NMR spectrum identical with that of CS-IAM 
(methyl ether) in all respects. 
The H-NMR spectrum of the acetate CS-IAA' showed signals 
(assigned as in Table-Xl) were also ccxnparable with that of 
authentic amentoflavone hexaacetate. 
CS-IA was thus assigned the structure 1-4',11-4',1-5, 
II-5,I-7,II-7-hexahYdroxy [l-3',ii-8j biflavone (la) 
1-4',11-4',1-5,11-5,1-7,II-7-Hexahydroxy Ql-8,II-83 biflavone 
(CS-IB) 
CS-IB 300°C 
CS-IBM(methyl ether) m.p. 297-299°C 
CS-IBA(acetate) m.p. 252-253°C 
The results of H-NMR spectra of CS-IBM and CS-IBA are 
shown in Table-XIII. 
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TA3LE-XIII 
Chemical shifts of protons of CS-IBM and CS-IBA 
Assignment CS-IBM (Methyl ether) CS-IBA (Acetate) 
7.20(4H,d, J=9 Hz) 7 .30 (4H, d, J=8. 5 Hz) 
6.75(4H,d, J=9 Hz) 7 .04 (4H,d, J=8.5 Hz) 
H-I-2',6' 
H-II-2',6' 
H-I-3',5' 
H-II-3',5' 
H-l-3,H-II-3 6.58(2H,s) 6.61(2H,S) 
H-I-6,H-II-6 6.54(2H,s) 7.12(2H,S) 
OMe/OAc-I-5,II-5 4.13(6H,s) 2.50(6H,s) 
1-7,11-7 3.75(6H,s) 2.10(6H,s) 
I-4',II-4' 3.84(6H,s) 2.26(6H,s) 
s = singlet, d = doublet. Spectra run in CDCl^ at 100 MHz, 
TMS as internal standard. 
12o 
H-NMR spectrum of CS-IBK showed that the molecule has 
an axis of symmetry. The spectrum showed two sets of ApB„ 
systems associated with rings I-B and II-B, and three signals 
for six methoxyl groups each with 6 protons, one signal 
(for two methoxyl) appearing above S4.0, suggested that C-8 
is 
of ring I-A/linked to C-8 of ring II-A. 
To meet the requirements of symmetrical structure 
of the molecule, two possible structures for the fraction 
CS-IBM may be represented by (6b) or (5x) 
OCH 
OCH-P 
OCH3 
OCH-
(6b) 
12'6 
OCH 
( 6X ) 
Its linkage as C-I-8, II-8 and not as C-I-6, II-6 
was confirmed by benzene induced solvent shift studies of 
Hiethoxy resonances. The shifts in methoxy resonances as a 
result of change of solvent from deuteriochloroform to 
benzene are shown in (Table-XIV). 
12 7 
Position 
OMe 
C-5 
C-4 
C-7 
of 
TABLE-
Signals in 
CDCl^ c/s 
413 
386 
371 
-XIV 
Signals 
C^Hg c/s 
356 
329 
302 
in Shifts 
c/£ 
+ 
+ 
+ 
56 
57 
69 
in 
Thus, all the three methoxy groups shifted upfield as 
expected for a C-I-8, I1-8 linkage. The H-NMR spectrum of 
the acetate CS-IBA, showed six acetoxyl groups integrated 
for 18 protons. The other features of the spectrum of the 
acetate were also comparable with that of authentic 
cupressuflavone hexaacetate. 
CS-IB was, therefore, assigned the structure 1-4', 
II-4', 1-5, II-5, 1-7, II-7-hexahydroxy [l-8,11-8] biflavone 
(6a). 
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5,7,3,3',4'-Pentahydroxyflavone (CS-II) 
CS-II (m.p. 314°) and its acetylated product (CS-IIA) 
m.p. 194-195 , indicated it to be quercetin (R^, m.p., m.m.p.) 
The structure was confirmed by UV and H-NMR spectral studies 
of CS-II and its acetate. The results of UV spectra of CS-II 
and quercetin are recorded in Table-XV. 
TABLE-XV 
UV data of CS-II and quercetin 
Reagent CS-II Quercetin 
MeOH 
+ NaOMe 
+ AlCl. 
+ AlCl^+HCl 
+ NaOAc 
+ NaOAc+H^BO^ 
256, 270sh, 301sh, 
372 
247sh, 32l(dec.) 
274, 304sh, 334, 
458 
264, 358, 427 
257sh, 274, 329, 390 
264, 303sh, 389 
255, 269sh, 301sh, 
370 
247sh, 321(dec.) 
272, 304sh, 333, 
458 
265, 301sh, 359, 428 
257sh, 274, 329, 
390(dec.) 
261, 303sh, 388 
The UV spectral data of CS-II were found identical with 
quercetin. The results of H-NMR spectrum are recorded in 
Table-XVI. 
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TABLE-XVI 
Chemical shifts of protons of CS-IIA. 
Assignment No, of 
protons 
Signals 
H-2' 1 7.73(d,J-2.5 Hz) 
H-6' 1 7,65 (q, J^«2.5 Hz, 
J2»8.5 Hz) 
H-5' 1 7,28(d,J=8,5 Hz) 
H-8 1 7.24(d,J»2.5 Hz) 
H-6 1 6.80(d,J=2.5 Hz) 
5 X OAc 15 2,42, 2.32 (s) 
s = singlet, d » doublet, q = quartet; Spectrum run in 
CDCl^ at 60 MHz, TMS as internal standard ( 8-scale), 
H-NMR spectrum of the acetate taken in CDCl. showed 
signals due to five phenolic acetyls at 2,32, 2,42. The A-ring 
proton signals showed doublets atS 6,80 and 7.24 (J»2.5 Hz) 
assigned to 6 and 8 positions respectively. The B-ring protons 
showed an ABX pattern, two doublets at57.73 (J-2.5 Hz) for H-2' 
and S7.28 (J=8.5 Hz) for H-5', and a quartet at §7.65 (J=2.5 & 
8.5 Hz) for H-6' 
Considering the above facts, CS-II was assigned the 
structure as 5,7,3,3',4'-pentahydroxyflavone(70a). 
IJO 
II-4»,1-5^11-5,1-7,II-7-Pentahydroxy ri-4'-O-II-s] biflavone 
(CS-IIIA) 
C S - I I I A , m . p . 344°C 
CS-I HAM (methyl e t h e r ) m . p . 260-262°C 
C S - I I I A A ' ( a c e t a t e ) m . p . 236-239°C 
The results of NMR studies of CS-IIIAM and CS-IIIAA' 
are shown in Table-XVII. 
The H-NMR spectra of CS-IIIAM and CS-IIIAA' showed 
signals for five methoxy and five acetoxy groups respectively. 
The appearance of two sets of A B^ protons in CS-IIIAM but only 
one set of B^, shifting downfield in the acetate, suggested 
the presence of a free hydroxy group at C-4' position of one 
of the B rings and the implication of the corresponding 
position of the other B ring in C-O-C linkage in CS-IIIA. 
The presence of two meta-coupled doublets at 86.34 andS6.52 
(J=2.5 Hz) and a singlet atS6.56 suggested that the linkage 
is either through C-6 or C-8 of A ring of one of the flavone 
unit. On the basis of the above observations, CS-IIIA may be 
represented by (20a) or (20y). 
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TABLE-XVII 
Chemical Shift of Protons of CS-IIIAM and CS-IIIAA* 
Assignment CS-IIIAM(Methyl ether) CS-IIIAA(Acetate) 
H-I-6 
H-I-8 
H-II-8 
H-I-3 
H-II-3 
H-I-2',6' 
H-II-2',6' 
H-I-3',5* 
H-II-3',5' 
OMe/OAc-I-5 
OMe/OAc-II-5 
OMe/OAc-I-7 
OMe/OAc-II-7 
OMe/OAc-II-4' 
6.34(lH,d,J=2.5 Hz) 
6.52(lH,d,J=2.5 Hz) 
6.56(lH,s) 
6.58*(lH,s) 
6.60*(lH,s) 
7.96(2H,d,J=9 Hz) 
7.86(2H,d,J=9 Hz) 
6.96(2H,d,J=9 Hz) 
7.04(2H,d,J=9 Hz) 
3.94, 3.85 
(15H,s, 5 OMe) 
6.85(lH,d,J=2.5 Hz) 
7.43(lH,d,J=2.5 Hz) 
7.08(lH,s) 
6.66*(lH,s) 
6.74*(lH,s) 
7.95(2H,d,J=9 Hz) 
7.85(2H,d,J=9 Hz) 
7.02(2H,d,J=9 Hz) 
7.32(2H,d,J=9 Hz) 
2.34, 2.44, 2.25 
2.13(15H, each s, 
5 OAc) 
s = singlet, d = doublet. Spectra run in CDC1-, at 100 MHz, 
TMS as internal standard. 
* Alternative assignment is possible. 
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The final decision for the linkage as either 1-4'-0-
II-6 or 1-4'-0-11-8 was taken by benzene induced solvent shifts 
studies of methoxy resonances of CS-IIIAM. On change of 
solvent from CDC1-, to C,D^, CS-IIIAM showed methoxy shifts as 
J D o 
34 Hz, 54 Hz, 57 Hz, 64 Hz and 1 Hz. These shifts were well 
within the range for four unhindered methoxy groups and one 
hindered methoxy group. It was reasonable to assume that 
hindered methoxy group was the one at II-5 of structure (20a) 
flanked by ether linkage on one side and carbonyl group on 
the other. 
The fraction CS-IIIA was, thus assigned the structure 
II-4', 1-5, II-5, 1-7, II-7-pentahydroxy []l-4'-O-II-e] biflavone 
(20a) . 
1-4',1-5,11-5,1-7,II-7-pentahydroxy-II-4'-0-methyl 
fl-3',11-83 biflavone (CS-IIIB) 
CS-IIIB m.p. 321-323°C 
CS-IIIBM (Methyl ether) m.p. 227-228°C 
CS-IIIBA (Acetate) m.p. 256-257°C. 
TLC examination of CS-IIIB and its permethyl ether and 
-H-NMR spectrum of its acetate CS-IIIBA indicated CS-IIIB to be 
a monomethyl ether of amentoflavone. 
The results of H-NMR studies of CS-IIIBM and CS-IIIBA 
are shown in Table-XVIII. 
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TABLE-XVIII 
Chemical shifts of protons of CS-IIIBM and CS-IIIBA 
Assignment CS-IIIBM (Methyl ether) CS-IIIBA(Acetate) 
H-I-2' 
H-I-6' 
H-II-2',6' 
H-I-5' 
H-II-6 
H-II-3',5« 
H-I-8 
H-I-3 
H-II-3 
H-I-6 
7.85(lH,d,J=3 Hz) 
7.88(lH,q, J.=9 Hz, 
J2 = 3 Hz) 
7.37(2H,d,J=9 Hz) 
7.09(lH,d,J=9 Hz) 
6.68(lH,s) 
6.72(2H,d,J=9 Hz) 
6.47(lH,d,J=3 Hz) 
6.50(lH,s) 
6.59(1H,£) 
6.33(lH,d,J=3 Hz) 
OMe/OAc-I-5,II-5 3.94,4.05(3H each,s) 
1-7,11-7 3.85,3.82(3H each,s) 
1-4' 
OMe-II-4' 
3.74,3.73(3H each,s) 
8.15(lH,d,J=2.5 Hz) 
8.1(lH,q,J^=8.5 Hz, 
J2=2.5 Hz) 
7.54(2H,d,J=B.5 Hz) 
7.50(2H,d,J=8.5 Hz) 
7.04(lH,s) 
6.74(2H,d,J=8.5 Hz) 
7.32(lH,d,J=2.5 Hz) 
6.72(lH,s) 
6.66(lH,s) 
6.84(lH,d,J=2.5 Hz) 
2.46,2.42(3H each,s) 
2.29,2.04(3H each,s) 
2.08(3H,s) 
3.74(3H,s) 
s = singlet, d = doublet, q = quartet, spectra run in CDCl. 
at 100 MHz, TMS as internal standard. 
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In particular, the B„ protons of A B system associated 
with ring II-B appeared at S6.74(CS-IIIBA) which was analogous 
to the value of the same protons in amentoflavone hexamethyl 
ether and also in CS-IIIBM, thus suggesting the presence of 
the methoxy group at II-4' position. The H-NMR data of 
CS-IIIBA were also found to be identical in all respects with 
that of authentic sample. 
CS-IIIB was thus assigned the structure 1-4',1-5,II-5, 
1-7, II-7-pentahydroxy II-4 '-0-methyl Ql-3',II-8]] bif lavone 
(Podocarpusflavone-A(Ic). 
II-4',1-5,II-5,I-7-Tetrahydroxy-II-7-0-methyl Ql-4'-O-II-ej 
biflavone (CS-IV) 
CS-IV m.p. 310-311°C 
CS-IVM(methyl ether) m.p. 260-261°C 
CS-IVA (acetate) m.p. 212-213*^0 
85 R^ values and characteristics fluorescence in UV light 
of CS-IV, and its permethylether indicated it to be a mono-0-
methyl hinokiflavone. The results of H-NMR studies of CS-IVA 
(acetate) and isocryptomerin are given in Table-XIX. 
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TABLE-XIX 
Chemical shifts of protons of CS-IVA and Isocryptomerin 
tetraacetate 
Assigned CS-IVA(Acetate) Isocryptomerin 
position tetraacetate 
H-I-6 6.83(lH,d,J=2.5 Hz) 6.78(IH,d,J=2.5 Hz) 
H-I-8 7.26(lH,d,J=2.5 Hz) 7.26(lH,d,J=2.5 Hz) 
H-II-8 6.94(lH,s) 6.92(lH,s) 
H-I-3 6.59(lH,s) 6.60(1H,E) 
H-II-3 6.55(lH,s) 6.55(lH,s) 
H-I-2',6' 7.75(2H,d,J=9 Hz) 7.75{2H,d,J=9 Hz) 
H-II-2',6' 7.83(2H,d,J=9 Hz) 7.77(2H,d,J=9 Hz) 
H-I-3',5' 6.99{2H,d, J=9 Hz) 7.01(2H,d,J=9 Hz) 
H-II-3',5' 7.28(2H,d,J=9 Hz) 7.22(2H,d,J=9 Hz) 
OAc-I-5,II-5 2.44,2.41(3H each,s) 2.45,2.41(3H each,s) 
OAc-I-7,II-4' 2.24,2.25(3H each,s) 2.24(6H,s) 
OMe-II-7 3.86(3H,s) 3.86(3H,s) 
s = singlet, d = doublet, spectra run in CDCl^ at 100 MHz, 
TMS as internal standard. 
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The H-NMR spectrum of CS-IVA was found to be identical 
with that of isocryptomerin tetraacetate (Table-XIX). 
CS-IV was, thus .assigned the structure II-4', 1-5,11-5, 
I-7-tetrahydroxy-II-7-0-methyl (_I-4 '-0-II-6J biflavone 
(Isocryptomerin) (20b). 
CS-V :- it was detected on TLC as dimethyl ether of 
hinokiflavone by comparison of R_ values and characteristic 
of 
fluorescence in UV light/csV and its permethylether with 
, 85 
authentic samples. 
Quercetin-3-O-oC-L-rhamnopyranoside(CSg) 
o 
CSg, a pale yellow solid, m.p. 186-187 C, gave green 
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colour with FeCl^, organge-red colour in Shinoda test and 
positive Molisch test, indicating It to be a flavonoid 
glycoside. The chromatographic spot on paper appeared deep 
purple under UV light and turned yellow on fuming with ammonia, 
indicating that the 3-position may be substituted. Acid 
hydrolysis with 6% aq. HCl gave an aglycone (CS-H) , m.p. 314^ ^ 
which was identified as quercetin by m.p., R- value and UV 
spectral data and also direct comparison with authentic sample 
and a sugar. The sugar was identified as L-rhamnose by PC. 
The results of UV spectra of CS-H and quercetin are recorded 
in the Table-XX. 
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TABLE-XX 
Reagent CS-H Quercetin 
MeOH 255, 270sh, 300sh, 371 255, 269sh, 301sh, 370 
+ NaOMe 247sh, 322 247sh, 321(dec.) 
+ AICI3 273, 305sh, 333, 458 272, 304sh, 333, 458 
+ NaOAc 258sh, 274, 330, 388 257sh, 274, 329, 
390(dec.) 
+ NaOAc+H^BO, 265, 305sh, 391 261, 303sh, 388 
The values of \ of CS-H and quercetin were found to 
be g:omparable. 
The configuration of the sugar moiety and the 
stereochemistry of its attachment in the glycoside were 
established by chromatographic and H-NMR spectral studies of 
the hydrolysed products of permethylated glycoside, and of the 
acetylated glycoside (CSgA). The results of H-NMR studies of 
CSgA are shown in Table-XXI. 
The H-NMR spectrum of CSgA showed an ABX pattern 
associated with ring B protons giving a double doublet at 
57.80(J=9 & 2.5 Hz), a doublet at 87.90(J=2.5 Hz) and an 
another doublet at8 7.46(J=9 Hz), characteristic of 3',4'-
oxygenated flavonoids. 
TABLE-XXI 
Chemical shifts of protons of CSqA 
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Assignments No. of protons Signals 
H-6 
H-8 
H-5' 
H-2' 
H-6' 
H-5" 
H-2",3",4" 
H-1" 
Aliphatic OAc of 
rhamnose moiety-
Aromatic OAc 
Rhamnosylmethyl 
1 
1 
1 
1 
1 
1 
3 
1 
9 
12 
3 
6.86(d, J=»2.5 Hz) 
7.32(d,J=2.5 Hz) 
7.46(d,J=9 Hz) 
7.90(d,J=2.5 Hz) 
7.80(q,J^=2.5 Hz,J2=9 Hz) 
3.23-3.46(m) 
4.93-5.20(m) 
5.68(d,J=2 Hz) 
1.97,2.12(s) 
2.31,2.43(s) 
0.88(d,J=7 Hz) 
s = singlet, d = doublet, q = quartet, m =« multiplet, 
spectrum run in CDCl, at 60 MHz, TMS as internal standard 
( S-scale). 
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The two meta-coupled doublets atS 6.86(J=2.5 Hz) and 
57.32(J=2.5 Hz) were assigned to C-6 and C-8 protons of ring 
A. The data clearly showed that the aglycone part of the 
glycoside was quercetin. A sharp doublet atS0.88(J=7 Hz) 
integrated for 3 protons further confirmed that the sugar 
moiety was rhamnose. The acetyl signals appeared at 81.97, 
2.12 integrated for 9 protons (three acetoxyls of rhamnose 
unit) and 5 2.31, 2.43 for 12 protons (four phenolic acetoxyls). 
The sugar protons gave rise to two sets of multiplets one at 
5 3.23-3.46 assigned to H-5" and the other at 84.93-5.20 
attributed to H-2",3",4". The anomeric proton (H-1") appeared 
as a doublet with J=2 Hz) atS5.68 showing that the C-1 proton 
has an equatorial-equatorial coupling with C-2 proton, thus 
rhamnose must form an<<-linkage to C-3 of quercetin. This is 
also in conformity with the fact that all the naturally 
occurring rhamnosides of known structures so far reported have 
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an oC-configuration in the pyranosyl form. 
The hydrolysed products of the permethylated glycoside 
were identified as 2,3,4-tri-O-methyl-L-rhamnose by comparison 
of R^ on TLC, and quercetin 5,7,3',4'-tetramethyl ether (CS-M) 
by UV and NMR spectral studies. The release of 2,3,4-tri-O-
methyl-L-rhamnose clearly suggested that rhamnose unit in 
glycoside was present in the pyranosyl form leaving only the 
C,-hydroxy1 group for glycosidic linkage. 
1 .0 
The position of the sugar linkage in the glycoside was 
determined by UV spectral data of the partially methylated 
aglycone obtained on acid hydrolysis of the permethylated 
glycoside, with diagnostic shift reagents. A bathochromic 
shift of 61 nm (from 360 to 421 nm) in band-I with A1C1-, and 
a negligible change on addition of HCl clearly suggested 
that rhamnose moiety was present in the 3-position of 
87b 
quercetin. Considering the above facts, CSg was identified 
as quercetin-3-0-«<-L-rhamnopyranoside (70b) . 
OH O/VT-OH 
(70b) " ^' 
J4i 
Flavonoids from the Leaves of Cupressus cashmerlana Royle 
The concentrate of the methanol extracts of the leaves 
of Cupressus cashmerlana after solvent treatment, was poured 
in excess of water and filtered. The insoluble portion on 
purification and separation over column (silica gel) and 
PLC (silica gel BDH, BPF- 36:9:5) yielded three flavonoid 
fractions, CC-I (R^ 0.17), CC-II(R. 0.36) and CC-III(R^ 0.50), 
r t r 
corresponding to amentoflavone, hinokiflavone and monomethyl 
ether of hinokiflavone respectively. 
CC-I was found to be the mixture of amentoflavone 
(la) and cupressuflavone (6a) which were identified in the 
form of their permethyl ether derivatives by chromatographic 
and H-NMR spectral studies. 
CC-II was found on complete methylation and TLC 
examination to be a mixture of hinokiflavone and mono-0-
methyl amentoflavone (R^ and shade in UV light of CC-II and 
its methylated products). It was subjected to CCD separation 
between ethyl methyl ketone and borate buffer (pH 9.8) which 
gave CC-IIA and CC-IIB, identified as hinokiflavone (20a) 
and sequoiaflavone(lb) respectively. Sequoiaflavone is being 
reported for the first time in the genus cupressus. 
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CC-III was found to be monomethyl ether of hinoki-
flavone which was character ized as isocryptomerin by 
comparison of the H-NMR spectra l data of i t s ace ta te 
with tha t of authent ic sample. 
The aqueous f i l t r a t e was extracted with butanol which 
on concentration and pur i f ica t ion by coliimn chromatography 
yielded CCg, characterized as quercetin-3-0-(6"-0-<<-L-rhamno-
pyranosyl-p-D-glucopyranoside). 
H3 
1-4 M I - 4 \ 1-5 f 11-5,1-7, II-7-Hexa-0-methvl( 1-3' ,11-8) 
biflavone (CC-IMI) 
CC-I on methylation and separation by PLC yielded 
methyl ethers, CC-IMI and CC-IMII. R^ values and 
characteristic fluorescence in UV light indicated CC-MI 
and CC-MII to be hexamethyl ethers of amentoflavone and 
cupressuflavone respectively. CC-IMI m.p. 227 c, showed 
no depression in m.p. on admixture with our sample CS-IAM. 
It was characterized as amentoflavone hexamethyl ether 
(Id) by direct comparison with our own sample and also with 
authentic sample (R^, m.p., m.m.p., fluorescence in UV 
light and H-NMR data). 
1-4',11-4',1-5,11-5,1-7,II-7-Hexa-O-methvl (1-8,11-8) 
biflavone (CC-IMII) 
CC-IMII, m.p. 298^, gave the same R value and shade 
in UV light as that of CS-I3M and showed no m.p. depression 
on admixture with the sample CS-I3M. It was finally 
characterized as cupressuflavone hexamethyl ether (6b) by 
comparison of m.p., m.m.p, and H-NMR data with that of 
authentic sample and also with the sample CS-I3M. 
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II-4', 1-5, II-5, 1-7, II-7-Pentahvdroxy r1-4'-0-11-6] blflavone 
(CC-IIA) 
CC-IIA m.p, 344-345°C 
CC-IIAM(methyl ether) 259-261°C 
CC-IIAA'(acetate) 238-240*^C 
TLC examination of CC-IIA and its methyl ether CC-IIAM 
indicated it to be hinokiflavone. Its identity as hinoki-
flavone (20a) was finally confirmed by m.p., m.m.p., Co-TLC 
and H-NMR spectral data comparison with the previous samples 
obtained from C, sempervirens and also with authentic samples. 
1-4', II-4', 1-5, II-5, II-T-Pentahydroxy-I-V-Q-methyl 
[l-3',II-8) biflavone (CC-IIB) 
CC-IIBA (acetate) m.p. 244°C 
CC-IIBM (methyl ether) m.p. 226-227°C 
R^ values and characteristic fluorescence in UV light 
of CC-IIB and its permethyl ether indicated it to be a mono-
0-methyl amentoflavone. The H-NMR spectrum (Fig.l) of 
CC-IIB-acetate(CC-IIBA) showed one methoxyl and five acetoxyl 
groups. The structure of CC-IIB was elucidated by comparison 
of methoxy and acetoxy resonances of CC-IIBA with those of 
other members of the same series (Table-XXVI). 

H. 
TABLE-XXVI 
Chemical shifts of methoxy and acetoxy protons 
of CC-II3A and related compounds 
Compound Assigned position in biflavone nucleus 
CC-IIBA 
Sequoiaflavone 
pentaacetate 
CS-IIIBA 
Podocarpus-
flavone-A 
pentaacetate 
Bilobetin 
pentaacetate 
II-7-O-methyl 
amentoflavone 
pentaacetate 
1-4' 
2.08 
2.06 
2.08 
2.10 
(3.72) 
2.05 
-
II-4' 
2.04 
2.02 
(3.74) 
(3.75) 
2.15 
2.15 
1-5 II-5 1-7 II-7 
2.41 2.46 (3.84) 2.24 
2.41 2.48 (3.84) 2.28 
2.42 2.46 2.29 2.04 
2.44 2.49 2.32 2.06 
2.47 2.51 2.24 2.10 
2.25 2.52 2.23 (3.80) 
Numbers in parantheses show chemical shifts of methoxy protons. 
The NMR spectrum of CC-IIBA(acetate) was found to be 
identical with that of sequoiaflavone penta acetate. CC-IIA 
was, therefore assigned the structure 1-4•,II-4',1-5,II-5, 
II_7_pentahydroxy-I-7-0-methyl (I-3'-II-8) biflavone (lb). 
This is being reported for the first time in genus cupressus. 
( lb ) 
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II-r4 ' ,I-5,II-5,I-7-Tetrahvdroxy-II-7-0-methyl (I-4'-0-II-6) 
biflavone (CC-III) 
TLC examination of CC-III and its complete methyl ether 
showed it to be hinokiflavone monomethyl ether. The permethyl 
ether CC-IIIM was found to be identical in R^ and shade 
(UV light) with the sample CSIVM (direct comparison). The 
acetate, CC-IIIA, m.p. 212 showed no m.p. depression with 
the sample CSIVA of isocryptonrerin tetraacetate. The H-NMR 
data of CC-IIIA were comparable in all respects with that of 
authentic sample and also CSIVA (Table-XIX). 
14/ 
CC-III was thus assigned the structure II-4',I-5, 
II-5,I-7-Tetrahydroxy-II-7-0-methyl (1-4'-0-II-6)biflavone 
(Isocryptomerin) (20b). 
Quercetin~3-0- (6"-0- <<• -L-rhamnopyranosyl) -p-D-glucopyranoside 
(CCq) 
CCg, a pale yellow solid, m.p. 187-188^C gave positive 
Shinoda and Molisch tests. The chromatographic spot appeared 
deep purple under UV light which turned yellow with ammonia, 
indicating it to be a flavonoid glycoside. UV absorption 
data and .spectral shifts with diagnostic reagents indicated 
the presence of free 7-OH, 5-OH and 3•,4•-orthodihydroxyl 
146 groups in CCg. On complete hydrolysis with 8% ale. HCl, 
it gave quercetin, glucose and rhamnose. The sugars were 
Identified by PC and quercetin by m.m.p., comparison of 
its R^ value and UV spectral data with authentic sample. 
Partial hydrolysis of CCg with 1% H^SO. for 1 hr. yielded 
a glycoside, CCg-I and rhamnose. CCg-I on further hydrolysis 
(acidic and enzymatic) afforded quercetin and D-glucose. 
D-glucose was identified by PC. The UV spectrum of the 
aglycone (CC-H) (quercetin) was almost similar to that of 
CCg and CCg-I except for the presence of free-3-hydroxyl 
(bathochromic shift in Band-I, acid stable complex formation 
with AlCl^) which must therefore be glycosylated in CCg. 
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CCg-i was thus identified as quercetin-3-O-p-D-glucoside. 
The above treatment also showed that the two sugars must be 
in the disaccharide form linked to only one position of the 
aglycone (C-3 of quercetin) with rhamnose as the terminal 
sugar. Acetylation of CCg with Ac_oand pyridine afforded 
an acetate, CCgA m.p. 135 . The results of H-NMR spectrum 
of the acetate (CCgA) are recorded in the Table-XXVIII 
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TABLE-XXVIII 
Chemical shifts of protons of CCgA 
Assignments NO. of 
protons 
1 
1 
1 
1 
Signals 
6.84(d,J=2.5 Hz) 
7.32(d,J=2.5 Hz) 
7.35(d,J=9 Hz) 
8.02(q,J=2.5 Hz and 
9 Hz) 
H-6 
H-8 
H-5' 
H-6' 
H-2' 
H-5",6"(glucosyl protons) 
H-5'" (rhamnosyl proton) 
H-1"' (rhamnosyl C-1 proton) 
H-2",3",4" (glucosyl) 
H-2"' ,3"' ,4"' (rhamnosyl) 
H-l"(glucosyl C-1 proton) 
Rhamnosyl methyl (H-6"' ) 
4 Phenolic acetoxyls 
6 Alcoholic acetoxyls 
7.95(d,J=2.5 Hz) 
3.35-3.60(m) 
4.52(d,J =2 Hz) 
ee 
6 
1 
3 
12 
18 
5.05-5.30 
5.35(d,J ^=7 Hz) 
aa 
0.91(in) 
2.30-2.45 
1.92-2.15 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl, 
at 60 MHz, TMS as internal standard ( S-scale). 
l.iO 
The H-NMR spectrum (fig.2) showed the presence of four 
phenolic and six sugar acetoxyls confirming CCg to be a 
disaccharide glycoside, an ABX pattern due to a 3',4'-
dlsubstitution as a doublet at S7.95(J=2.5 Hz), a doublet 
at&7.35(J=9 Hz) and a double doublet at& 8.02 (J=2.5 Hz and 
9 Hz) assigned to H-2',H-5' and H-6', respectively. The 
5,7-disubstitution was demonstrated by the presence of two 
doublets at & 6.84 and 7.32 each with meta-coupling 
{J=2.5 Hz), ascribed to H-6 and H-8, respectively. A multiplet 
centered at 0.91 and a doublet at 4.52 (J=2 Hz) were assigned 
to rhamnose methyl and rhamnose C-1,protons respectively. 
The chemical shift of rhamnose C-1 proton (H-1'" ) (54.52) 
compared with that reported for a rhamnose directly attached 
to an aglycone ( 8>5.68) indicated that rhamnose should be a 
second moiety of a rhamnosyl-glucosyl disaccharide. The 
anomeric proton (H-1") of glucose appeared as a doublet at 
&5.35(J=7 Hz). This chemical shift confirmed the direct 
attachment of the glucose to the aglycone and the diaxial 
coupling (J=7 Hz) between H-1" and H-2" indicated p-configura-
tion. Only two glucose-rhamnose disaccharides, rutinosides 
and neohesperidosides (6-and 2-0-oC-L-rhamnopyranosyl-D-
glucopyranose respectively) are reported in the naturally 
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occurring flavonoid glycosides. Their H-NMR spectra are 
characteristically different in the position of the signals 

I5i 
of the rhamnose C-1 proton. In the former it appears at about 
S4.45 and in the latter at aboutS4.95. In our case, it 
appeared at &4.52 (d,J=2 Hz) indicative of a rutinoside. The 
rhamnose methyl signal which appeared as multiplet at 50.91 
also suggested the rutinose moiety as this signal commonly 
appears as a complex multiplet atS 0.80-0.95 in rutinosides 
and as a doublet at Si.1-1.2 (J=6 Hz) in neohesperidosides. 
Definite proof for the correct formulation of CCg was obtained 
13 from C-NMR data. The chemical shift for C-3 was 133.4 and 
is about 2.1 p.p.m. upfield which was similar to that expected 
for 3-0-glucosyletion and not for 3-0-rhamnosylation, support-
ing that the glucose was directly attached to the aglycone. 
The downfield shift (+4.0 p.p.m.) of C-6" and the upfield of 
C-5"(-1.0 p.p.m.) with respect to D-glucose can be ascribed 
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due to the rhamnosylation at OH-5" of glucose. Thus C-1 
of rhamnose was linked to C-6 of glucose and C-1 of glucose 
was linked to C-3 of aglycone, both having pyranose 
structures withoC-and p-configurations respectively. CCg on 
149 permethylation by Hakomori's method followed by hydrolysis 
afforded quercetin-5,7,3',4'-tetra-methyl ether, 2,3,4-tri-O-
methyl-L-rhamnose and 2,3,4-tri-O-methyl-D-glucose. The 
partially methylated sugars were identified by comparison 
with authentic samples (R_ and shade on Si-gel TLC). The 
aglycone with AlCl, showed a bathochromic shift of 60 nm 
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confirming further its 3-glycosylation. 
On the bas is of above facts CCg was character ized as 
quercetin-3-O-p-D-glucopyranosyl [^ 1—*6j -0-oC-L-rhamnopyrano-
sidenOc) . 
OH>-OH 
C 70 c ) 
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Flavonoids from the Leaves of Thuja orientalls Linn. 
The genus Thuja (Sub fam: Cupressoideae, cupressaceae) 
comprising six species, evergreen trees and shrubs are 
native of China, Japan, Formosa and North America. Some of 
the species are now cultivated in most Asian countries. 
The remarkable feature of the species ' 
examined so far is that they contain only two series of 
biflavonoids viz. [^ 1-3',11-8 J linked biflavone, amentof lavone 
and Ll-4'-O-II-eJ linked biflavone, hinokiflavone. However, 
recently it has been found that the leaf extracts of T. 
occidentalls contain ri-8,II-8j linked biflavone, cupressu-
137_i3c 
flavone in minor amount. Previous work on Thuja orientalls 
by different groups of workers has revealed the presence of 
amentoflavone, hinokiflavone, quercetin and myricetin and 
the occurrence of cupressuflavone was categorically denied. 
The conflicting nature of the results and the absence of any 
chemical investigation for flavonoid glycosides, tempted 
us to undertake this problem for more intensive studies. 
The present work is devoted to the isolation and characteri-
zation of amentoflavone(la), cupressuflavone(6a) hinokiflavone 
(20a), apigenin(71a), quercetin(71b) and myricetin(71c) 
alongwith four flavonol glycosides, kaempferol-7-O-glucoside 
(71d) quercetin-3-0-^ -L-rhamnopyranoside(71e), quercetin-7-o-
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rhamnoside (71f) and myricetin-3-O-oC-L-rhainnopyranoside (71g) 
from the leaf extracts of Thuja orlentalls Linn. In 
addition, mono-0-methyl amentoflavone has been detected by 
TLC. The occurrence of cupressuflavone constitutes the 
second example for the presence of j_I-8,II-8j linked type 
biflavonoid in Thuja species. 
( 1 ) 
R, R, 
(a) 
(b) 
(c) 
H 
CH3 
Ac 
H 
CH^ 
Ac 
H 
CH3 
Ac 
H 
CH3 
Ac 
H 
CH-
Ac 
H 
CH 
Ac 
9^3 P 
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( 6) 
(a) 
(b) 
(c) 
'^ 1 
H 
CH, 
Ac 
^2 
H 
CH. 
Ac 
^3 
H 
CH, 
Ac 
"4 
H 
CH, 
Ac 
H 
CH, 
Ac 
"6 
H 
CH, 
Ac 
< 20 ) 
(a) 
(b) 
H 
CH^ 
H 
CH. 
^3 
H 
CH. 
H 
CH, 
^5 
H 
CH. 
(c) Ac Ac Ac Ac Ac 
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(a) Apigen in -R^ = R- = R3 = R. = H 
(b) Quercet in-Rj^= R^ = H, R2 = R3 « OH 
(c) M y r i c e t i n - R j => H, R2 = R-
(d) K a e m p f e r o l - 7 - O - g l u c o s i d e 
R-. = OH 4 
R3 » R^ = H, R2 = OH, R^ » G l u c o s y l 
(e) Q u e r c e t i n - 3 - 0 - o C - L - r h a m n o p y r a n o s l d e 
^ 0 R^ = R4 = H, R3 = OH, R2 » 
"><.-rC. CH3 
OH H O > - O H 
oC—L-rhamnopyranosyl (Y) 
(f) Q u e r c e t i n - 7 - 0 - " f - L - r h a m n o s i d e 
H, R2 = R3 OH, R, 
(g) M y r i c e t i n - 3 - 0 - o C - L - r h a m n o p y r a n o s i d e 
R- = H, R3 = R = OH, R^ = ©C - L - r h a m n o p y r a n o s y l 
15" / 
The phenolic extractives of dried leaves of Thuja 
orlentalis Linn after similar treatment as described for 
Cupressus sempervirens var. horizontalis gave water insoluble 
fraction and water soluble fraction. The water insoluble 
fraction on TLC examination (BPF) showed five compact brown 
spots, labelled as TO-I, TO-II, TO-III, TO-IV and TO-V in 
the order of increasing R^ values. These were separated 
and purified by column chromatography followed by preparative 
TLC. 
TO-I was identified as myricetin by comparison of 
its R^ value, UV and H-NMR spectral data with authentic 
samples. 
TO-II (R^ value same as amentoflavone) , though 
homogeneous in chromatographic behaviour on methylation gave 
two methyl ethers, TO-IIMI and TO-IIMII corresponding to 
amentoflavone hexamethylether and cupressuflavone hexamethyl 
ether. TO-II was thus found to be the mixture of amentoflavone 
and cupressuflavone which were identified in the form of 
their permethyl ethers, by comparison of their H-NMR spectral 
data with that of authentic samples and also by direct 
comparison with our previous samples isolated from 
C.sempervirens. 
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TO-III was identified as quercetin by UV absorption 
data with shift reagents and also H-NMR spectral studies 
of its acetate. 
TO-IV was found to be the mixture of hinokiflavone 
and monomethyl ether of amentoflavone (very minor) by TLC 
85 
examination of TO-IV and its methylated products? TO-IV 
was subjected to CCD separation which yielded only one 
component, TO-IV X and the other component being in minor 
could not be recovered. TO-IV X was characterized as hinoki-
flavone by comparison of H-NMR spectral data of its acetate 
with that of authentic one. 
TO-V was characterized as apigenin by comparison of 
the H-NMR spectral data with the authentic one. 
Water soluble fraction - Its ethyl acetate extract on purifica-
tion by column chromatography (Si-gel) followed by PC (BAW-4:1:5) 
yielded four flavonoid glycosides, labelled as TOg-I—TOg-iV, 
the latter two in minor. TOg-I and TOg-II were characterized 
as 3-0-rhamnosides of quercetin and myricetin respectively 
by chromatographic and spectral studies, TOg-III and TOg-IV 
were identified as Kaempferol-7-O-glucosides and quercetin-7-
0-rhamnosides respectively. 
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5,7,3,3',4',5'-Hexahydroxvflavone (TO-I) (Myrlcetln) 
TO-I 
TO-IA (Acetate) 
R value of TO-I (BPF) 
m.p. 358-359^C 
m.p. 219-221°C 
0.12 
The results of UV spectra of TO-I and myricetin are 
recorded in Table-XXIX. 
TABLE-XXIX 
UV data of TO-I and myricetin 
Reagent TO-I Myricetin 
Me OH 
+NaOMe 
+A1C1^ 
+AICI3+HCI 
+NaOAc 
+NaOAc+H3B02 
253, 273sh, 373 
260sh, 282sh, 321, 
421(dec.) 
270, 317sh, 451 
264, 274sh, 430 
268, 335(dec.) 
257, 302sh, 391 
254, 272sh, 301sh, 374 
262sh, 285sh, 322, 423(dec.) 
271, 316sh, 450 
266, 275sh, 308sh, 360sh, 
428 
269, 335(dec.) 
258, 304sh, 392 
Thus the UV spectral data of TO-I were found identical 
with myricetin. 
The results of H-NMR studies of TO-IA are recorded 
in Table-XXX. 
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TABLE-XXX 
C h e m i c a l s h i f t s of p r o t o n s o f TO-IA 
A s s i g n m e n t s N o . of p r o t o n s S i g n a l s 
H-6 1 6 . 5 4 ( d , J = 2 . 5 Hz) 
H-8 1 6 . 9 2 ( d , J = 2 . 5 Hz) 
H - 2 ' , 5 ' 2 7 . 6 1 ( s ) 
O A c - 3 ' , 4 ' , 5 ' 9 2 . 0 5 ( s ) 
O A c - 3 , 7 6 ' 2 . 2 9 ( s ) 
OAc-5 • 3 2 . 4 1 ( s ) 
s = singlet, d = doublet, spectrum run in CDCl^ at 60 MHz, 
TMS as internal standard. 
The chemical shifts of TO-IA was found identical with 
that of myricetin hexaacetate. TO-I was therefore characterized 
as 3,5,7,3',4',5'-hexahydroxyflavone(71c). 
1-4',11-4',1-5,11-5,1-7,Ii-7-Hexa-O-methyl [l-3',11-8] 
biflavone (TO-IIMI) 
TO-IIMI (methyl ether) m.p. 226-227° 
R value (BPF) 0.40 
Shade in UV light Fluorescent yellow 
R- value, m.p., m.m.p. and shade in LTV light were found 
comparable with that of CS-IAM. 
The results of H-NMR studies of TO-IIMI are recorded 
in Table-XXXI. 
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TABLE-XXXI 
Chemical shifts of protons of TO-IIMI 
Assignments 
H-I-6 
H-I-8 
H-II-6 
H-I-3 
H-II-3 
H-I-6' 
H-I-2' 
H-I-5' 
H-II-2\6' 
H-II-3',5' 
OCH^-II-S 
OCH^-I-5 
OCH2-I-7,II-7 
OCH^-I-4',11-4' 
No. 
p r o t 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
3 
3 
6 
6 
of 
ons 
' 
S i g n a l s 
6 . 3 6 ( d , J = 2 . 5 Hz) 
6 . 5 7 ( d , J = 2 . 5 Hz) 
6 . 6 3 ( s ) 
6 . 5 2 ( s ) 
6 . 5 5 ( s ) 
7 .93(q,J^=»3 Hz, J2=9 Hz) 
7 . 8 6 ( d , J = 3 Hz) 
7 . 1 2 ( d , J = 9 Hz) 
7 . 3 8 ( d , J = 9 Hz) 
6 . 7 ( d , J = 9 Hz) 
4 . 0 6 ( s ) 
3 . 9 4 ( s ) 
3 . 9 2 , 3 . 8 4 ( s ) 
3 . 8 2 , 3 . 7 8 ( s ) 
s = singlet, d = doublet, q = quartet, spectrum run in CDCl, 
at 100 MHz, TMS as internal standard. 
The chemical shifts of TO-IIM were found identical in 
all respects with that of amentoflavone hexamethyl ether. 
ir^2 
TO-IIMI was, therefore, assigned the structure 1-4', II-4', 
1-5, II-5, 1-7, II-7-Hexa-O-methyl [l-8, II-s] biflavone (lb) 
1-4',11-4',1-5,11-5,1-7,II-7-Hexa-O-methyl [1-8,11-8] 
biflavone (TO-IIMII) 
TO-IIMII (methyl ether) m.p. 296-297^ 
R_ value (BPF) 0.44 
Shade in UV light Fluorescent orange 
TO-IIMII showed no m.p. depression on admixture with 
the sample CS-I3M of cupressuflavone hexamethyl ether and 
also found identical in R_ and shade with that of CS-IBM. 
The results of H-NMR spectrum (fig. 3) of TO-IIMII 
are recorded in the Table-XXXH. 
2 
o 
o 
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TA3LE-XXXII 
Chemical shifts of protons of TO-IIMII and 
cupressuflavone hexamethyl ether 
Assigned TO-IIMII Cupressuflavone 
position ~ hexamethyl ether 
H-I-2',6*,II-2',6» 7.28(d,4H,J=9 Hz) 7.30(d,4H,J=9 Hz) 
H-I-3',5Ml-3',5' 6.74(d,4H, J=9 Hz) 6.70 (d, 4H, J=9 Hz) 
H-I-3,11-3,1-6,11-6 6.56(s,4H) 6.60(s,4H) 
OCH -1-5,11-5 4.11(s,6H) 4.15(s,6H) 
OCH2-I-4',II-4' 3.84(s,6H) 3.85(s,6H) 
OCH -1-7,11-7 3.75(s,6H) 3.75(s,6H) 
s = singlet, d = doublet; Spectnam run in CDCl- at 100 MHz, 
TMS as an internal standard. 
The chemical shift values of TO-IIMII were compared 
with that of cupressuflavone hexamethylether and found to be 
exactly identical. 
TO-IIMII was therefore assigned the strijcture 1-4*, 
II_4« ,I_5,II_5,I_7,II-7-Hexa-0-methyl |[l-8,II-83 biflavone (6b) 
5,7,3,3',4'-Pentahydroxyflavone(TQ-III)(Quercetin) 
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TO-III 
R- value (BPF) 
TO-IIIA (Acetate) 
m.p. 315 C 
0.22 
m.p. 195-196 o 
The results of LIV spectra of TO-III and quercetin are 
recorded in Table-XXXIII. 
TABLE-XXXIII 
UV data of TO-III and quercetin 
Reagent TO-III Quercetin 
Me OH 
+NaOMe 
+A1C1^ 
+AICI3+HCI 
+NaOAc 
256, 268sh, 370 255, 269sh, 301sh, 370 
248sh, 322(dec.) 247sh, 321(dec.) 
271, 303sh, 332, 457 272, 304sh, 333, 458 
266, 358, 429 265, 301sh, 359, 428 
256sh, 275, 328, 
391(dec.) 
+NaOAc+H2BO, 262, 304sh, 387 
257sh, 274, 329, 390(dec.) 
261, 303sh, 388 
The results of H-NMR spectrum of TO-IIIA are recorded 
in Table-XXXIV. 
18, 
TAB LE-XXXIV 
Chemical shifts of protons of TO-IIIA( 5-scale) 
No. of „. T 
Assignments .^ ^  Signals 
protons ^ 
H-2' 1 7.71(d,J=2.5 Hz) 
H-6' 1 7.64(q, J^=2.5 Hz) 
J2=8.5 Hz) 
H-5' 1 7.25(d,J=8.5 Hz) 
H-8 1 7.24(d,J=2.5 Hz) 
H-6 1 6.78(d,J=2.5 Hz) 
SxOAc 15 2.42, 2.32 (s) 
s = singlet, d = doublet, q = quartet; Spectnim run in 
CDCl, at 60 MHz, TMS as internal standard. 
TO-III was thus assigned the structure 5,7,3,3',4'' 
Pentahydroxyflavone.(71b). 
18 6 
II-4',1-5,11-5,1-7.II-7-Pentahydroxy [l-4'-O-II-s] 
biflavone (TO-IV X) 
TO-IV X was acetylated with Ac^O and pyridine to give 
an acetate TO-IV XA. 
TO-IV X 
TO-IV XA (Ace ta te } 
m.p. 344-345 C 
m.p. 239-240°C 
The r e s u l t s of H-NMR s t u d i e s of TO-IV lA a r e recorded 
in the Table-XXXV. 
TABLE-XXXV 
Chemical shifts of protons of TO-IV lA 
Assignments NO. of 
protons 
Signals 
H - I - 6 
H- I -8 
H - I I - 8 
H- I -3 
H - I I - 3 
H - I - 2 ' , 6 ' 
H - I I - 2 ' , 6 ' 
H - I - 3 ' , 5 M l - 3 ' , 5 ' 
O A c - I - 5 , 1 1 - 5 , 1 - 7 , 1 1 - 7 
I I - 4 ' 
1 
1 
1 
1 
1 
2 
2 
4 
15 
6.90(d,J=2 Hz) 
7.53(d,j=2 Hz) 
7.21(s) 
6.76*(s) 
6.66(s) 
8.01(d,J=9.5 Hz) 
7.98(d,J=9.5 Hz) 
6.25(d,J=9.5 Hz) 
2.44, 2.36, 2.26, 2.14 
2.12 (each s) 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl. 
at 100 MHz, TMS as internal standard. 
* Alternative assignment is possible. 
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The chemical shift values of TO-IV XA were found 
comparable with that of hinokiflavone pentaacetate. 
The fraction TO-IV X was, therefore, assigned the 
structure II-4•,1-5,II-5,1-7,II-7-pentahydroxy [l-4'-O-II-s] 
biflavone (20a). 
Mono-0-methyl amentoflavone (TO-IV) 
The other component of TO-IV being in minor could only 
be detected by TLC as monomethyl ether of amentoflavone 
85 
(R^ values and characteristic shade in UV light) 
5,7,4'-Trihydroxyflavone (TO-V) (apiqenin) 
TO-V m.p. 346°C 
R^ 0.52 
TO-VA(Acetate) m.p. 186-187°C 
R (Methyl ether) 0.55(BPF) 
The methyl ether of TO-V was found identical in R^ 
and shade in UV light with authentic specimen of apigenin 
trimethyl ether. 
The results of H-NMR studies of acetate are given in 
Table-XXXVI. 
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TABLE-XXXVI 
C h e m i c a l s h i f t s of p r o t o n s of TO-VA 
A s s i g n m e n t No . of 
p r o t o n s 
2 
2 
1 
1 
1 
3 
6 
S i g n a l s 
7 . 8 4 (d , J=9 Hz) 
7 . 2 6 ( d , J = 9 Hz) 
7 . 1 8 ( d , J = 2 . 5 Hz) 
6 . 7 8 ( d , J = 2 . 5 Hz) 
6 . 5 6 ( s ) 
2 . 4 3 ( s ) 
2 . 3 4 ( s ) 
H - 2 ' , 6 ' 
H - 3 ' , 5 • 
H-8 
H-6 
H-3 
OAc-5 
O A c - 4 ' , 7 
s = singlet, d = doublet; Spectrum run in CDCl^ at 100 MHz, 
TMS as an internal standard. 
The H-NMR spectral data and m.p. of acetate (TO-IVA) were 
found comparable with apigenin triacetate. 
TO-V was thus assigned the structure 5,7,4•-trihydroxyflavone 
(apigenin) (71a). 
1B3 
Quercetin-3-O-o^-L-rhamnopyranoside (TOg-I) 
TOg-i, yellow cubes, m.p. 186 gave green colour 
with FeCl^, orange red colour with Mg-HCl and positive 
Molisch test indicating it to be a flavonoid glycoside. 
Acid hydrolysis gave an aglycone m.p. 315 C, was identified 
as quercetin by direct comparison with our own sample 
CS-H (m.p., R^ value and spectral data). Sugar was 
identified as rhamnose. That the glycoside was a quercetin-
3-0-oC-L-rhamnoside was evident from H-NMR spectral data of 
its acetate (TOg-IA) and also by chromatographic and UV 
spectral studies of the products obtained by hydrolysis of 
I 
the permethylated glycoside. The results of H-NMR studies 
of T O Q - I A are shown in the Table-XXXVII. 
1/0 
TABLE-XXXVII 
Chemical shifts of protons of TOg-IA 
Assignments No. of 
protons 
Signals 
H-6 1 6.88(d,J=2.5 Hz) 
H-8 1 7.30(d,J=2.5 Hz) 
H-5' 1 7.46(d,J=9 Hz) 
H-2' 1 7.88(d,J=2.5 Hz) 
H-6' 1 7.81(q,J=2.5 Hz and 9 Hz) 
H-5" 1 3.24-3.46(m) 
H-2",3",4" 3 4,92-5.22(m) 
H-1" 1 5.66{d,J=2 Hz) 
3xOAc{rhamnose) 9 1.96,2.14(s) 
4xOAc(Aromatic) 12 2.30,2.44(s) 
Rhamnosyl methyl 3 0.89(d,J=7 Hz) 
s = singlet, d = doublet, q = quartet, m = multiplet,; 
Spectrum run in CDCl, at 60 MHz, TMS as internal standard. 
The doublet atS 5.66 with J value 2 Hz attributed to 
anomeric proton (H-1") suggested that rhamnose has eC-linkage 
with the quercetin molecule. 
17i 
Permethylated glycoside on hydrolysis gave 2,3,4-
tri-0-methyl-L-rhamnose and quercetin 5,7,3 *,4'-tetramethyl 
ether (m.p. 194-195°C). The release of 2,3,4-tri-O-methyl-
L-rhamnose showed that rhamnose was present in the pyranose 
form. The partially methylated quercetin showed a bathochromic 
shift of 60 nm (from 361-421 nm) with AlCl^ suggesting that 
the rhamnose moiety was present in the 3-position. 
Myricetin-3-0- oC-L-rhamnopyranoside (TOg-ii) 
TOg_ii, a pale yellow solid, m.p. 195-196°C, gave 
dark green ferric colour and positive colour tests for 
flavonoid glycoside. Acid hydrolysis with 8% aqueous HCl gave 
myricetin and L-rhamnose identified by chromatographic and 
spectral studies. The ring size of the sugar and the point 
and nature of its linkage were established by chromatographic 
and UV and H-NMR spectral studies of the hydrolysed products 
of permethylated glycoside and of the acetylated glycoside 
(TOg-IIA). The results of H-NMR studies of TOg-IIA are 
shown in the Table-XXXVIII. 
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TABLE-XXXVIII 
Chemical shifts of protons of TOg-IIA 
Assignments 
H-6 
H-8 
H-2',6' 
Alcoholic 3xOAc 
Phenolic SxOAc 
Anomeric proton(H-1") 
H-5" 
H-2",3",4" 
Rhamnosyl methyl 
No. of 
protons 
1 
1 
2 
9 
15 
1 
1 
3 
3 
Signals 
6.78(d,J=2.5 Hz) 
7.24(d,J=2.5 Hz) 
7.70(s) 
1.95,2.12(s) 
2.25,2.45(s) 
5.60(d,J=2 Hz) 
3.60-4.0(m) 
4.50-5.0(m) 
0.90(d,J=6 Hz) 
s = singlet, d = doublet; Spectrum run in CDCl^ at 60 MHz, 
TMS as internal standard (S-scale) 
The H-NMR spectrum of the acetate of TOg-II(TOg-IIA) 
showed three alcoholic acetoxyls between S1.95-2.12 and five 
phenolic acetoxyls between 5 2.25-2.45, a rhamnosyl methyl 
doublet at50.90(J=6 Hz), aromatic proton signals atS6.78 and 
7.24(d,J=2.5 Hz) for H-6 and H-8 respectively and two proton 
singlet at S7.7 for H-2',6', thus confirming that the compound 
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was myricetin monorhamnoside. The rhamnose C-1 proton 
atS5.60 appeared as a doublet with J=2 Hz, due to equatorial-
equatorial coupling with H-2", showing thereby that the 
rhamnose formed an oC-linkage. The permethylated glycoside 
on hydrolysis afforded 2,3,4-tri-3-methyl-L-rhamnose and 
myricetin-5,7,3',4',5'-pentamethyl ether, m.p. 224-225 , 
which with AlCl^ showed a bathochromic shift of 60 nm in 
Band-I absorption, suggesting the glycosidation at C-3. 
Release of 2,3,4-tri-O-methyl L-rhamnose suggested the 
pyranose forTu of the sugar. Thus the glycoside (TOg-II) 
was characterized as myricetin-3-O-oC-L-rhamnopyranoside 
(71g) . 
( 71 ) 
ll't 
Kaempferol-7-O-glucoside (TOg-m) 
TOg-iii, yellow cubes, m.p. 228 C appeared as bright 
yellow in UV light on PC and showed the same R^ value as 
kaempferol-7-O-glucoside reported in the literature. Acid 
hydrolysis of T O g - m afforded as aglycone m.p. 276^, 
identified as kaempferol and a sugar. The sugar was 
identified as D-glucose by paper chromatography. The UV 
spectra of TOg-III and its aglycone (Table-XXXIX) agreed 
well with that of kaempferol and showed that the sugar is 
attached to the 7-position of the flavone nucleus. 
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TOg-lii showed a slight hypsochromic shift in Band-II 
with sodium acetate while its aglycone revealed a bathochromic 
shift of 9 nm (266 to 275 nm) showing that the sugar must be 
linked to C-7 of kaempferol. TOg-III was thus assigned the 
structure as kaempferol-7-O-glucosice (71d). 
Quercetin-7-O-L-rhamnoside (TOQ-IV) 
The chromatographic spot appeared bright yellow on 
paper. On acid hydrolysis it gave an aglycone m.p. 315 , 
identified as quercetin by direct comparison with our 
authentic specimen and also by LTV spectral studies. Sugar 
was identified as rhamnose by paper chromatography. UV 
spectral data of TOg-lV were found different from that of 
quercetin-3-O-glycosides. It was characterized as quercetin-
7-0-L-rhamnoside , by compering the 'JV spectral data of 
TOg-IV and its aglycone with that of quercetin in different 
diagnostic shifts reagents (Table-XL). No appreciable shift 
was observed in Band-II with sodium acetate in the case of 
TOg-IV, whereas a bathochromic shift of 15 nm was found with 
its aglycone confirming the glycosidation at C-7 of quercetin. 
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17 S 
Flavonoidic constituents of Rhus walllchii Hook.f% 
(Anacardiaceae.) 
The genus Rhus, one of the largest genera of the 
family Anacardiaceae, consisting of about 50 species are 
evergreen trees and shrubs, mostly distributed in N.W. 
Himalayas from Kashmir to Nepal upto 5,000-8,000 ft. highl ''''^'^  
The species examined so far were found to contain 
monoflavonoids and their glycosides. However, recent 
investigation on Rhus succedanea has revealed the presence 
of some novel biflavonoids, which tempted us to undertake 
this problem. The present discussion is devoted to the 
isolation and characterization of amentoflavone (la), 
5,7,3,4'-tetrahydroxyflavone (kaempferol) (72a), 5,7,3,3', 
4'-pentahydroxyflavone (quercetin) (72b), and two flavonoid 
glycosides, namely qaercetin-3-0-oC-L-rhamnopyranoside (72c) 
and quercetin-3-O-p-D-glucopyranoside (72d) from the leaves 
of Rhus wallichil. This is the second plant of the genus to 
be examined thoroughly for flavonoids which was found to 
contain amentoflavone as the sole biflavone alongwith the 
monoflavonoids and their glycosides. 
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( I ) 
R, R. R, R. 
(a ) 
(b) 
H 
CH. 
(c ) Ac 
H 
CH, 
Ac 
H 
CH, 
Ac 
H 
CH, 
Ac 
H 
CH_ 
Ac 
H 
CH, 
Ac 
( 7 2 ) 
(a) Kaompfe ro l , R =0H, R_=M 
/ 
=R-=OH/ 
-•\ 
(b) Q u e r c e t i n , R.=R2=0H, 
(c) Qberce t in -3-0-^«C-L-^rhamnopyranos ide 
R2=0H, R^ = H-
(d) Q u e r c e t i n - 3 - O - p - D - g l i ^ c o p y r a n o s l d e 
R^^OH, R^ = 
•CH2OH 
l - ^ G 
Acetone extract of defatted leaves after purification 
by solvent treatment, was refluxed with ethylacetate for 
several hrs., filtered and the concentrate of the filtrate was 
treated with water. The insoluble mass by solvent fractiona-
tion and column chromatography (Si-gel) followed by PLC yielded 
three flavonoidic components, labelled as RWI-RWIII in 
increasing order of R^ values. RWI was characterized as 
amentoflavone by H-NMR spectral studies of its methyl ether 
and acetate. RWIE and RWIEI were characterized as quercetin 
and kaempferol respectively by chromatographic and spectral 
studies and also by direct comparison with authentic specimens. 
The water soluble fraction was extracted with ethyl-
acetate and the extract was separated into two components RWg-I 
an\d RWg-IE by preparative paper chromatography. These were 
characterized as Quercetin-3-O-p-D-glucopyranoside and 
Queircetin-3-0- «<-L-rhamnopyranoside respectively. 
i 
1-4", I I - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , I l - 7 - H e x a h y d r o x y ( 1 - 3 ' , 1 1 - 8 ) 
b l f l a v o n e (RW-I) 
RW-r m . p . 321-322'^C 
RW-IM ( M e t h y l e t h e r ) m . p . 226-227^^0 
RW-IA ( A c e t a t e ) m . p . 240-24l '^C 
M . P s . , R^ v a l u e s and shade i n 'JV l i g h t of RW-I and i t s 
d e r i v a t i v e s i n d i c a t e d i t t o be a m e n t o f l a v o n e . 
The r e s u l t s of H-NMR s p e c t r a of RVJ-IM and RW-IA a r e g i v e r 
> 
i n T a b l e - X L I . 
m 
TA3LS-XLI 
Chemical shifts of protons of RW-IM and RW-IA 
Assignment RW-IM(Methylether) RW-IA(Acetate) 
H-I-2' 7.81(lH,d,J=2.5 Hz) 8.01(lK,d,J=3 Hz) 
H-I-6' 7.95(lH,q,J^=3 Hz, 7.96(IH,q,J^=3 Hz) 
J^=9 Hz) 
H-IT-2',6' 7.36(2H,d,J=9 Hz) 7.48(2H,d,J=9 Hz) 
H-I-5' 7.08(lH,d,J=9 Hz) 7.42{lH,d,J=9 Hz) 
H-IC-3',5' 6.75(2H,d,J=9 Hz) 7.04(2H,d,J=9 Hz) 
H-I-8 6.46(lH,d,J=2.5 Hz) 7.24(lH,d,J=3 Hz) 
H-I-6 6.34(lH,d,J=2.5 Hz) 6.90(IH,d,J=3 Hz) 
H-II-6 6.63(lH,s) 7.00{lH,s) 
H-I-3,II-3 6.58,6.51(IH each,s) 6.70,6.65(IH, each,s) 
OMe/OAc-I-5, 3.89,4.06(3H each,s) 2.46,2.42(3H each, s) 
II-5 
1-7,11-7 3.85,3.83(3H each,s) 2.25,2.22(3H each,s) 
I-4',II-4' 3.75,3.73(3H each,s) 2.10,2.02(3H each,s) 
s = singlet, d = doublet, q = quartet; Spectra run in CDCl, 
at 100 MHz, TMS as internal standard. 
Chemical shifts of protons were assigned as shown in the 
Table-XLI by comparison with those of authentic samples. The 
chromatographic and H-NMxR data were also found comparable with 
our own samples of methyl and acetyl derivatives of amentoflavon 
1H^ 
RW-I was thus ass igned the s t r u c t u r e 1 - 4 ' , I I - 4 ' , 1 - 5 , I I - 5 , 1 - 7 , 
ir-7-Hexahydroxy [ ^ I - 3 ' , I I - 8 ] b i f l a v o n e (la) 
5 , 7 , 3 , 3 ' , 4 ' - P e n t a h y d r o x y f l a v o n e (RW-II)(quercet in) 
RW-ir m.p . 316°C 
R 0.21(BPF) 
RW-IlA (Acetate) m.p. 195^^0 
M.p., artd R, value i n d i c a t e d i t t o be q u e r c e t i n . The 
s t r u c t u r e was confirmed by H-NMR s p e c t r a l s t u d i e s of i t s 
a c e t a t e (RW-IIA) and a l s o by d i r e c t canpar ison with our own 
sample of cfuercet in. 
The results of H-NMR spectrum are recorded in Table-XLII, 
TABLE-XLII 
Chemical shifts of protons of RW-IIA 
Assignment No. of 
protons 
Signals 
H-2' 1 7.72(d,J=2.5 Hz) 
H-6' 1 7.65(q, J^=2.5 Hz,J2=9 Hz) 
H-5' 1 7.26(d,J=9 Hz) 
H-8 1 7.22(d,J=2.5 Hz) 
H-6 1 6.80(d,J=2.5 Hz) 
5xOAc 15 2.42,2.30(s) 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl, at 
60 MHz (S -scale) 
I S S 
RW-ir was, t h e r e f o r e , a ss igned as 5 , 7 , 3 , 3 ' , 4 • - p e n t a h y d r o x y -
flavone(72b) . 
5 ,7 ,3 ,4 ' - t e t r ahydrQxyf l avone (RW-I I I ) (kaempferol) 
RW-III m.p. 276-278 C 
R^ 0.54(BPF) 
R_ va lue and m.p. i n d i c a t e d i t t o be kaempferol . The 
s t n i c t u r e was confirmed by UV s p e c t r a l s t u d i e s of RW-III and 
a l s o by d i r e c t comparison with our own sample of kaempferol . 
The r e s u l t s of UV spec t r a of RW-III and kaempferol a re recorded 
in Table -XLII I . 
TABLE-XLIII 
UV absorption data of RW-III and kaempferol 
Reagent RW-II Kaempferol 
MeOH 
». nm; 
^ max 
+A1C1. 
+AICI2+HCI 
+NaOAc 
+NaOAc+H2B02 
254, 266, 367 
260sh, 268, 425 
258sh, 267, 423 
276, 306, 388 
268, 322sh, 374 
253sh, 266, 294sh, 322sh, 367 
260sh, 268, 303sh, 350, 424 
256sh, 269, 303sh, 348, 424 
274, 303, 387 
267, 297sh, 320sh, 372 
Thus UV spectral data of RW-III were found identical with 
kaempferol. RW-III was, therefore, assigned the structure as 
5,7,3,4'-tetrahydroxyflavone(72a). 
IH'^ 
Quercetin-3-O-p-D-glucopyranoside (RWg-I) 
RWg-I, yellow needle shaped clusters, m.p. 235-236°C, 
gave positive tests for flavonoid glycoside. On acid hydrolysis 
it gave quercetin and glucose as the hydrolysed products. Thus 
it was a glucoside of quercetin. That it was a mono glucoside 
of quercetin was evident from the H-NMR spectral data of its 
acetate (RWg-IA) as shown in the Table-XLIV. 
TA3LE-XLIV 
Chemical shifts of protons of RWg-IA 
Assignment 
H-6 
H-8 
H-2' 
H-5' 
H-6' 
H-1" 
Other sugar protons 
Aliphatic acetyls 
Phenol Lie acetyls 
NO. of 
protons 
1 
1 
1 
1 
1 
1 
6 
12 
12 
Signals 
6.70(d,J=2.5 Hz) 
7.21(d,J=2.5 Hz) 
8.02(d,J=2.5 Hz) 
7.30(d,J=9 Hz) 
7.88(q, J=2.5 Sc 9 Hz) 
5.55(J=7 Hz) 
3.30-5.16(m) 
1.88, 1.96, 2.13(s) 
2.31, 2.43(s) 
s = singlet, d = doublet, q = quartet; Spectrum run in CDCl. 
at 60 MHz, TMS as internal standard { 5-scale) 
18, 
The H-NMR spectrum showed signals due to four phenolic 
acetyls at 52.43(3H), 2.31(9H) and four alcoholic acetyls at 
5 2.13(6H), 1.96(3H) and 1.88 (3H). The signals over the range 
5 3.80-5.16 account for the six protons of the glucosyl residue. 
The remaining one appeared as a doublet centered at 5 5.55(J=7 Hz) 
was assigned to the C-1" proton. The large coupling constant 
(J=7 Hz) due to trans-diaxial coupling with the C-2" proton, 
indicated the sugar linkage with p-configuration. The A-ring 
protons at 6 and 8 positions appeared as doublets at 5 6.70 
(J=2.5 Hz) and 7.21(js=2.5 Hz) respectively. The B-ring protons 
formed an ABX pattern characteristic of 3',4'-oxygenated 
flavonoids. The 2'-proton appeared as a doublet at 58.02 
(J=2.5 Hz), while 5* and 6' protons as a doublet at 7,30 
(J=9 Hz) and as a quartet at 5 7.88(J=2.5 Hz and 9 Hz) 
respectively. Hydrolysis of the permethylated glycoside 
gave 2,3,4,6-tetra-O-methyl-D-glucose and quercetin 5,7,3',4'-
tetramethyl ether which with A1C1-, showed a bathochromic 
shift of Band-I from 360-419 nm, thereby suggesting that the 
glucose moiety was present at the 3-position. Thus RWg-I was 
identified as quercetin-3-O-p-D-glucopyranoside (72d). 
( 72d ) 
Quercetin-3-O-oC-L-rhainnopyranosicie (RWg-II) 
18 6 
RWg-ii, pale yellow solid, m.p. 186-187 C, gave 
positive tests for flavoid glycosides, m.p., R^ value and 
direct comparison with our own sample showed it to be 
quercetin-3-O-rhamnoside which was further confirmed by 
H-NMR spectral studies of its acetate, RWg-IIA as shown 
in the Table-XLV. 
i s ; 
TA3LE-XLV 
Chemical shifts of protons of R'Wq-IIA 
Assignments No. of 
protons 
Signals 
H-6 
H-3 
H-5* 
H-2' 
H-6' 
H-5" 
H-2",3",4" 
H-1" 
Aliphatic acetyls 
Aromatic acetyls 
Rhamnose methyl 
1 
1 
1 
1 
1 
1 
3 
1 
9 
12 
3 
6.38(d,J=2.5 Hz) 
7.32(d,J=2.5 Hz) 
7.44 (d, J=9 Hz) 
7.38(d,J=2.5 Hz) 
7.79(q,J=9 and 2.5 Hz) 
3.22-3.46(m) 
4.93-5.22(m) 
5.66(d,J=2 Hz) 
1.96,2.12(s) 
2.33, 2.42(s) 
0.38(d,J=5 Hz) 
s = singlet, d = doublet, m = multiplet; Spectrum run in 
CDCl^ at 60 MHz, TMS as internal standard (5 -scale) 
In the H-NMR spectrum, the doublet at$5.66 with coupling 
constant 2 Hz, due to equatorial coupling with H-2", showed 
o<^-linkage to the aglycone. The permethylated glycoside on acid 
hydrolysis gave 2,3,4-trl-O-methy1-L-rhamnose and quercetin-5,7, 
3 ' ,4 '-tetramethyl ether which with AlCl-^ shov;ed a bathochromic 
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shift of long wavelength band from 361 to 420 nm, thereby-
indicating that the rhamnose moiety was present at the 
3-position. Hence RWg-II was characterized as quercetin-3-0-
oC-L-rhamnopyranoside (7 2c) . 
18 9 
Flavonoids from the Leaves of. Ghoerospondias axillaris 
Choerospondias axillaris belonging to the family 
Anacardiac.eae,is distributed from north east India to south 
154 
east China. Its bark has recently been investigated by 
Lu, Yongzhen and found to contain naringenin and 
choerospondin (5,7-dihydroxyflavone-4'-p-glucopyranoside) 
We have examined the leaves of this plant and isolated a 
new glycoside, kaempferol-5-O-arabinoside (73a) alongwith 
quercetin-3-O-rhamnopyranoside (73b), myricetin-3-O-oC-L-
rhamnopyranoside (73c), kaempferol (73d), quercetin (73e) 
and myricetin (73f). 
The methanol extract of the defatted and powdered 
air-dried leaves (3 Kg.) after purification by solvent 
fractionation was treated with water. The insoluble mass 
on col'omn chromatography followed by PLC yielded three 
components, CAI, CAII and CAIII. These were identified 
as myricetin, quercetin and kaempferol respectively by 
chromatographic and LJV spectral studies. 
The water soluble fraction was extracted with BuDH and 
the extract was separated into three components, CAg-l 
(R^ 0.76), CAg-II(R^ 0.70), and CAg-III (R 0.61) by 
successive preparative paper (BAW-4:1:5) and column 
chromatography( polyamide, MeOH-H 0, 95:5). 
UiO 
/ \V-OH 
( 73 ) 
(a) Kaempferol-5-O-arabinoside; 
R. = R- = R3 = H, R = Arabinosyl 
(b) Quercetin-3-O-rhamnopyranoside; 
R^ = Ro = H, R- = OH, R = Rhamnopyranosyl 
(c) Myricetin-3-O-rhamnopyranoside; 
R = H, Rp = R, = OH, R. = Rhamnopyranosyl 
(d) Kaempferol, R = R. = R- » R-^  = H 
(e) Quercetin; R = R^ ^ = R, = H, R- = OH 
(f) Myricetin; R = R. = H, R^ = R3 = OH 
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CAg-l was c h a r a c t e r i z e d a s a new g l y c o s i d e , 
k a e m p f e r o l - 5 - O - a r a b i n o s i d e (73a) by c h r o m a t o g r a p h i c and 
s p e c t r a l s t u d i e s of t h e g l y c o s i d e and i t s h y d r o l y s e d p r o d u c t s , 
CAg-II end CAg-I I I were c h a r a c t e r i z e d a s 3 - 0 - r h a m n o s i d e s of 
q u e r c e t i n and m y r i c e t i n r e s p e c t i v e l y by t h e same m e t h o d s . 
5 , 7 , 3 , 3 ' , 4 ' , 5 ' - H e x a h v d r o x y f l a v o n e (CA-I) ( M y r i c e t i n ) 
CA-I m . p . 3 57 C 
R^ 0.12(BPF) 
R_ value and m.p. indicated it to be myricetin. Its 
identity as myricetin (73f) was confirmed by m.m.p. and 
comparing the 'JV spectral data with authentic sample. 
5,7,3,3',4'-Pentahydroxyflavone (CA-11) (Que rqetin) 
CA-II m.p. 316 C 
R^ 0.22(BPF) 
M.P. end .^^ value indicated it to be quercetin. 
Its structure as quercetin (73e) was further confirmed by 
m.m.p. and comparing the JV spectral data with) authentic 
specimen of quercetin. 
IIU 
5 , 7 , 3 , 4 ' - T e t r a h y d r o x y f l a v o n e ( C A - I I [ ) ( K a e m p f e r o l ) 
CA-IIC m . p . 278^C 
R^ 0.55(BPF) 
The m.p. and R^ value indicated it t-j be kaempferol 
Its identity as kaempferol (73d) was confirmed by direct 
comparison with the sample of kaempferol (R^, m.m.p. and 
JV spectral data). 
Kaempferol-5-O-L-arabinoside (CAq-I) 
ri o^ 
-Ag-i, yellow needles, m.p. 224 C, gave positive tests 
for flavonoid glycoside. The chromatographic spot on paper 
showed yellow fluorescence in JV light. The colour did not 
change after fuming with ammonia indicated a flavone with 
a free 3-hydroxyl group and the 5-hydroxyl group either 
lacking or substituted. The R^ value of the glycoside in 
SAW and 15% HOAc indicated it to be a monoglycoside. 
2 65,3 66 nm 
rTl3X 
(m.p. and m.m.p. 278 C, Go-PC,JV) and L-arabinose. The 
results of JV spectra of CAn-I are recorded in Table-XLVI. 
TABLE-XLVI 
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X Me OH nm: 
max 
+ A l C l . 
+ AICI3+HCI 
+ NaJAc 
+ NaOAc+H^BO^ 
255, 356 
274, -430 
273, 428 
268, 376 
258, 357 
The UV spectrum of CAg-I in MeOH exhibited maxima at 
255 and 3 56 nm. Since both the bands of CAg-I in MeOH show 
appreciable hypsochromic shifts (from 265 to 255 and 366 to 
157a 356 nm) this indicated glycosidation at C-5. The batho-
chromic shift of 20 nm in long wave length band of sodiiim 
acetate spectrum revealed the presence of a hydrox'/l group at 
4'-position. A bathochromic shift of 13 nm in Band-II (255-268) 
on addition of sodiora acetate indicated the presence of a 
7-hydroxyl. The location of the remaining hydroxyl at C-3 
position was clear from the shift in Band-I with Mcl^. These 
data indicated the position of glycosidation at C-5. This 
was farther confirmed by 'JV spectral data with shift reagents 
of the aglycone (CAg-lMH) obtained after hydrolysis of the 
1 
permethylated glycoside and H-NMR spectral data of its 
acetate (CAg-IMA). 
The results of JV spectra of CAg-IMH are recorded in the 
Table-XLVII. 
1.9'. 
TA3L2-XLVII 
•. Me OH 
X nm: 269, 324, 349 
' max 
+AICI3 276, 304, 398 
+AICI3+HCI 276, 302sh, 397 
+NaOAc 268, 306sh, 350 
+NaOAc+H3B03 269, 305sh, 352 
With AlCl-, it showed a bathochromic shift of 49 nm, 
which confirmed the glycosidation at C-5. 
The results of H-NMR spectrum of CAg-IMA are recorded 
in the Table-XLVIII. 
TA3LE-XLVIIL 
Assignments 
H-2',6' 
H-3',5' 
H-8 
H-6 
OAc-5 
OMe-7,3, ,4' 
No. of 
protons 
2 
2 
1 
1 
3 
.9 
Signals 
8.25(d,J=9 Hz) 
7.19(d,J=9 Hz) 
6.85(d,J=2.5 Hz) 
6.62(d,J=2.5 Hz) 
2.45(s) 
3,92,3.36(s) 
s = singlet, d = doublet; Spectrum run in CDCl at 100 MHz, 
Values on S-scale, TMS as internal standard. 
n. 
The spectrum showed signals at5 3.92 and 3.36 for 
three methoxyls and & 2.45 for one acetoxyl group. The 
aromatic acetate methyl signal at 52.45 is in agreement 
158 for the 5-acetate group, since this group in a flavone 
absorbs near 52.46 distinct from other acetate groups 
which absorb near 6 2.34. The A-ring protons showed an 
AB system of two aromatic protons ( 6 6.85, H-8; 8 6.62, 
H-6; J=2.5 Hz) with typical meta coupling constants. 
The B ring protons signals formed an A„B_ system showing 
it to be para substituted. 
The spectral information was therefore, sufficient 
to identify CAg-IMH as 3,7,4'-trLmethoxy-5-hydroxyflavone, 
thereby locating the sugar moiety at 5-position. The 
glycosidation at C-5 was also suggested by the extremely 
rapid hydrolysis of CAg-I. Hence, CAg-I was assigned as 
kaempferol-5-O-L-arabinoside (73a), a new glycoside. 
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Quercetin-3-O-L-rhamnopyranoside (CAg-II) 
CAg-II, m.p. 187-188 C gave positive tests for 
flavonoid glycoside. On acid hydrolysis, it gave .quercetin 
which was confirmed by m.p., R- value, and (JV spectral data. 
Sugar was identified as rhamnose by PC. The direct comparison 
with our own sample of the glycoside (m.p., m.m.p. and 
Co-TLC) showed it to be a monorhamnoside of quercetin. 
The position of the sugar, its ring size and the type, of 
linkage were determined as described. A bathochromic shift 
of 61 nm of Band-I indicated the glycosidation at C-3. The 
release of 2,3,4-tri-O-methyl-L-rhamnose showed the pyranose 
form of the sugar. Hence, CAg-II was thus assigned as 
quercetin-3-O-L-rhamnopyranoside (73b). 
Myricetin-3-0-o<^ -L-rhamnopyranoside (CA^-lir) 
CAg-iii, m.p. 194-196^C, R^ 0.61 (3AW) gave dark green 
colour with FeCl^ and positive tests for flavonoid glycosides, 
On acid hydrolysis it gave myricetin and L-rhamnose, which 
was further confirmed by H-NMR studies of the acetate of 
CAg-iri (CAg-IIIA). 
The H-NMR s p e c t r a l da ta a re shown in t h e Table-XLIX, 
TA3LE-XLIX 
I'J? 
Ass ignmen t s No. of 
p r o t o n s S i g n a l s 
H-6 
H-8 
H - 2 ' , 6 ' 
A l i p h a t i c 3xOAc 
Aromat i c SxOAc 
Anomeric p r o t o n ( H - 1 " ) 
H-5" 
H - 2 " , 3 " , 4 " 
Rhamnos/l methyl 
1 
1 
2 
9 
15 
1 
1 
3 
3 
6.76(d,J=2.5 Hz) 
7.24(d,J=2.5 Hz) 
7.72(s) 
1.96, 2.13(s) 
2,25, 2.24(s) 
5.62(d,J=2 Hz) 
3.61-4.0 
4.52-5.08 
0.91(d,J=7 Hz) 
s = singlet, d = doublet; Spectrum run in CDCl, at 60 MHz, 
TMS as internal standard (&-scale). 
The H-NMR spectral data clearly showed the myricetin 
skeleton of the aglycone. The spectrum showed aliphatic acetoxyl: 
between 51.96-2.13 for 9 protons, a rhamnosyl methyl doublet 
at 0.91 (J=7 Hz), thus confirming the compound to be myricetin 
monorhamnoside. The rhamnose C-1 proton at 55.62 appeared as 
a doublet with J=2 Hz, due to equatorial-equatorial coupling with 
H-2", showing thereby that rhamnose formed an oC-linkage. The 
position of linkage was established by 'JV spectral shift studies 
of the aglycone obtained after hydrolysis of the permethylated 
1[)S 
glycoside, which with AlCl-, showed a bathochr:^jnic shift of 
61 nm in Band-I absorption. Thus the sugar was linked to 
the 3-position. Release of 2,3,4-tri-O-methyl-L-rhamnose 
showed the pyranose form of the sugar. 
Hence, CAq-IIC was assigned as myricetin-3-0-o<^-L-
rhamnopyranoside (73c). 
L93 
Flavonoids from the Leaves of Taxodjiom macronatum (Taxodiaceae) 
159 Rahman and his co-workers have reported the isolation 
of bifiavones from the leaves of Tax 3dium mucronatum, but no 
work seems to have been done on the plant so far monoflavonolds 
and their glycosides. The present discussion deals with the 
isolation and characterization of kaempferol (74a), quercetin 
(74b), quercetin-3-O-p-D-glacopyranoside (74c) and quercetin-
3-0-p-D-galactopyranoside (74d) from the leaf extracts of 
the same plant. 
The defatted leaves of the plant were extracted with 
acetone. The concentrate of the acetone extract was treated 
with water to give water soluble and insoluble portions. The 
insoluble portion was subjected to column chromatography 
(Si-gel) which yielded TM-I and TM-II. These were identified 
as 5,7,3,3•,4'-pentahydroxy flavone (quercetin) (74b) and 
5,7,3,4'-tetrahydroxy flavone (Kaempferol( (74a) respectively. 
The water soluble portion was extracted with butanol 
and the butanol extract after purification by col^ omn 
chromatography, was separated by PC into two fractions, TMg-I 
and TMg-Il. These were characterized as quercetin-3-O-p-D-
galactopyranoside (74d) and quercetin-3-O-p-D-g.lucopyranoside 
(74c) respectively by chromatographic and spectral studies. 
( 74 ) 
2ui] 
(a) Kaempferol ; R^ = OH, R2 = H 
(b) Quercetin ; R^ = R2 = OH 
(c) Quercetin-3-O-p-D-glucopyranoside; 
R^ = OH, R^ = 
(d) Quercetin-3-O-p-D-galacto-
pyranoside : R2 = OH, R^ = 
/3-D-glucopyranosyl 
H 
^-D-galactopyranosy1 
2in 
5,7, 3,3 ' ,4 '-Pentahydroxyf lavone (cfuercetin) (TM-I) 
M.P. 315*^C, R^ 0.21 (3PF) and Co-TLC with our own 
sample indicated TM-I to be quercetin. It was farther 
confirmed by m.m.p. and comparing the JV spectral data with 
authentic sample. 
The results of UV spectra of TM-I and quercetin 
are recorded in Table-L. 
TABLE-L 
UV spectral data of TM-I and quercetin 
Reagent TM-I Quercetin 
-V MeOH 
A nm: 266, 272sh, 371 255, 269sh, 301sh, 370 
' ^  max 
+AICI3 272, 305sh, 455 272, 304sh, 333, 458 
+AICI3+HCI 265, 257, 429 265, 301sh, 359, 428 
+NaOAc 258sh, 274, 391 257sh, 274, 329, 390 (dec.) 
(dec.) 
+NaOAc+H2303 262, 303sh, 389 261, 303sh, 388 
+NaOMe 249sh, 322(dec.) 247sh, 321(dec.) 
The values of _) ^ of TM-I and quercetin were found to 
A max ^ 
be comparable. Thus TM-I was assigned the structure as 5,7,3, 
3',4'-pentahydroxyflavone. 
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5,7 ,3 ,4 ' -Tet rahydrcaxyf lavone (Kaempferol) (TM-II) 
M.P. 278*^C, Rj 0.55 (BPF) and Co-TLC i n d i c a t e d i t t o 
be kaempferol . The s t r u c t u r e was confirmed by comparing the 
UV s p e c t r a l da ta with kaempferol . 
The r e s u l t s of UV s p e c t r a of TM-II and kaempferol 
a r e recorded in Tab l e -L I . 
TABLE-LI 
JV s p e c t r a l da ta of TM-II and kaempferol 
Reagent 
. MeOH 
^ max"^' 
H-A1C13 
+AICI3+HCI 
+NaOAc 
TM-
254sh, 
366 
260sh, 
424 
256sh, 
423 
-II 
266, 323sh, 
267, 351, 
267, 349, 
275, 304, 388 
Kaempferol 
253sh, 266, 
322sh, 367 
260sh, 268, 
350, 424 
256sh, 269, 
348, 424 
294sh, 
303sh, 
303sh, 
274, 303, 387 
+NaOAc+H3B02 268 , 298 , 373 267 , 297sh , 320sh , 
372 . 
The UV spectral data of TM-II and kaempferol were identical. 
Thus TM-II was identified as 5,7,3,4'-tetrahydroxyflavone. 
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Qaercetin-3-O-p-D-galactopyranoside (TMg-I ) 
TMg_i, pale yellow needles, m.p. 235-236 C, gave 
positive tests for flavonoid glycosides. Its R^ value 
(R 0.54, BAW), (R 0.34, 15% HOAc) indicated it to be a 
monoglycoside. On acid hydrolysis it gave quercetin, 
identified by m.m.p., comparing its R value and 'JV spectral 
data with shift reagents with authentic sample. Sugar was 
identified as galactose by co-chr:jmatography on Whatman No. 1 
with authentic galactose. The position of sugar in the 
aglycone part of the glycoside was determined by studying the 
JV spectral data of the hydrolysed aglycone of the permethylated 
glycoside using diagnostic shift reagents. A bathochromic 
shift of 61 nm in Band-I absorption with AlCl^ and A1C1-.+HC1 
indicated the presence of sugar in the 3-position. The 
glycoside consumed two moles of sodium periodate with the 
liberation of 1 mole of formic acid indicating the pyranose 
form of the sugar. 
Enzymic hydrolysis of the glycoside with almond 
emulsin gave galactose showing p-linkage. These spectral 
and chemical findings established the structure of TMg-I as 
quercetin-3-O-p-D-galactopyranoside (74d). 
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( 74d ) 
Quercetin-3-O-p-D-glucopyranoside (TMg-II) 
TMg-II, yellow needle shaped clusters, m.p. 234-236 C, 
gave green colour with FeCl^, red colour with Mg-HCl and 
responded positively to Molisch test, suggesting it to be a 
flavonol glycoside. Acid hydrolysis (6% aq. HCl) of the 
glycoside afforded quercetin (m.p. and m.m.p., 315 C, Co-PC, 
UV) and D-glucose (Co-FC in BAW). The permethylated 
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glycoside on hydrolysis gave quercetin 5,7,3',4'-tetramethyl-
ether, m.p. 194-196 C which, with A1C1-. showed a bathochromic 
shift of 62 nm in the long wavelength band region, thereby 
indicating that the glucose moiety was present at 3-position. 
Release of 2,3,4,5-tetra-O-methyl-D-glucose indicated the 
pyranose structure of the sugar. 
The glycoside on enzymic hydrolysis with almond 
emulsion gave glucose showing p-linkage. Hence, TMg-ll 
was characterized as quercetin-3-O-p-B-glucopyranoside 
(74c). 
( 74C ) 
CQNCLJSION 
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CONCLUSIONS 
The following plants have been investigated for biflavonoids, 
monoflavonoids and their glycosides. The constituents isolated 
and characterized are shown below each of them. 
1. Cupressus sempervirens Linn. (var. horizontalis).(Cupressaceae) 
(i) Amentoflavone 
(ii) Cupressuflavone 
(iii)Hinokiflavone 
(iv) Podocarpusflavone-A 
(v) Isocryptomerin 
*(vi) Di-0-methyl hinokiflavone 
(vii)Quercetin 
(viii) Quercetin-3-0- oC -L-rhamnopyranoside 
Cupressus sempervirens was examined earlier by different 
groups of workers and found to contain only cupressuflavone and 
amentoflavone series. The present work, however, revealed the 
presence of hinokiflavone series also. 
2. Cupressus cashmeriana Royle (Cupressaceae) 
(i) Amentoflavone 
(ii) Cupressuflavone 
(iii) Hinokif lavone 
* Detected by TLC 
20/ 
(iv) Sequoiaflavone 
(v ) Isocryptomerin 
(vi) Quercetin-3-0-(6"-0-oC-L-rhamnopyranosyl)-p-D-gluco-
pyranoside 
Sequoiaflavone is being reported for the first time in 
the genus cupressus. 
The occurrence of quercetin glycosides constitutes the 
first example of the presence of flavonoid glycoside in 
Cupressus species, 
3« Thuja orientalis Linn. (Cupressaceae) 
(i) Amentoflavone 
(ii) Cupressuflavone 
(iii) Hinokiflavone 
*(iv) Mono-0-methyl amentoflavone 
(v ) Apigenin 
(vi) Quercetin 
(vii) Myricetin 
(viii) Quercetin-3-0- <3(-L-rhamnopyranoside, 
(ix ) Myricetin-3-0-oC-L-rhamnopyranoside 
( X ) Kaempferol-7-O-glucoside 
(xi ) Quercetin-7-O-rhamnoside 
The occurrence of cupressuflavone in Thuja orientalis 
constitutes the second example for the presence of (^ I-8,II-8j 
2QS 
linked type biflavonoid and its co-occurrence with monoflavonoids 
and their glycosides is also noteworthy. 
4. Rhus wallichii Hook.f. (Anacardiaceae) 
(i) Amentoflavone 
(ii) Kaempferol 
(iii) Quercetin 
( iv) Quercetin-3-O-p-D-glucopyranoside 
( V ) Quercetin-3-0- eC-L-rhamnopyranoside 
This is the second plant of the genus which was found to 
contain aunentoflavone as the sole biflavone. 
5. Choerospondias axillaris (Anacardiaceae) 
(i) Kaempferol 
(ii) Quercetin 
(iii) Myricetin 
(iv) Kaempferol-5-0~L-arabinoside 
(v ) Quercetin-S-O-L-rhamnopyranoside 
(vi) Myricetin-3-O-L-rhamnopyranoside 
Kaeinpferol-5-O-L-arabinoside is a new naturally occurring 
glycoside. 
6. Taxodium mucronatum (Taxodiaceae) 
( i) Kaempferol 
( i i ) Quercet in 
(iii) Quercetin-3-O-p-D-galactopyranoside 
(iv) Quercetin-3-O-p-D-glucopyranoside 
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EXPERIMENTAL 
2/0 
Extraction of Flavonoids from the Leaves of Cupressus 
Semper-virens Linn (var. horizontalis) Cupressaceae 
Leaves of Cupressus sempervirens Linn (var.horizontalis) 
were procured from J.P.Udhyan Munger (Bihar), India. The 
dried and powdered leaves (3 Kg.) were completely exhausted 
with hot acetone and the acetone extracts were concentrated 
first at atmospheric pressure and then under reduced pressure. 
A gummy dark green mass was obtained. This was treated with 
petroleum ether (60-80 ) and benzene, till the solvent in each 
case was almost colourless, to remove nonflavonoidic and 
resinous matter. The gummy mass was refluxed with ethylacetate 
for 24 hrs. and filtered. The filtrate was evaporated to 
dryness and the residue treated with hot water. The water 
insol'oble mass was dissolved in methanol and dried under 
reduced pressure to give a dark brown residue (16 g 1 which 
responded to the usual colour tests for flavonoids. 
Purification of water insoluble flavonold mixture 
by column chromatography. 
The crude flavonoid mixture (16 g ) was adsorbed on 
silica gel (30 g ) and transferred over to a column of silica 
gel (250 g ) set with petroleum ether (60 - 80°). The column 
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was eluted with organic solvents in the increasing order of 
polarity. The results are given in Table-LII 
TABLE-LII 
S.No. Solvent Nature of product 
1. Petroleum ether (60 - 80 ) 
2. Benzene 
3. Benzene-Ethylacetate(9:l) 
4. Benzene-Ethylacetate(4:1) 
5. Benzene-Ethylacetate(7:3) 
6. Benzene-Ethylacetate(3:2) 
7. Benzene-Ethylacetate(1:1) 
8. Ethylacetate 
9. Acetone 
Greenish gummy mass 
Green waxy product. 
Dark gummy product. 
Yellow solid 
Yellow solid 
Yellow solid 
Yellow solid 
Yellow brown solid 
Brown solid 
Fractions obtained with benzene-ethylacetate, ethylacetate 
and acetone gave positive colour tests for flavonoids. These 
were combined and concentrated to give yellowish brown solid 
(4 g ). 
The complexity of the flavonoid mixture obtained after 
purification by column chromatography was examined by TLC using 
the following solvent systems. 
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(a) Benzene-pyridine-formic acid (BPP; 36:9:5) 
(b) Toluene-ethylforroate-formic acid (TEF; 5:4:1) 
(c) Toluene-pyridine-acet ic acid (TPA; 10:1:1) 
(d) Benzene-ethylacetate-acetic acid (8:5:2) 
(e) Chlorofoinu-ethylacetate (1:1) 
In solvent system (a), the flavonoid mixture showed 
five compact brown spots in UV light. They were levelled as 
CS-I (R^  0.16), CS-II (R^  0.21), CS-III (R^  0.35), CS-IV 
(R_ 0.56) and CS-V (R- 0.63). They were then separated by 
preparative layer chromatography. 
Separation of flavonoid mixture-preparative thin layer 
chromatography 
The glass plates (40 x 20 cm) were coated with a well 
stirred suspension of silica gel G (BDH) using thin layer 
spreader, (Toshniwal - India ). The coated layer of silica 
gel was approximately 0.5 mm thick. After drying for two hrs. 
at room temperature, the plates were activated at 120°C for 
two hrs. 
The yellowish brown solid dissolved in pyridine was 
applied to the plates with the help of mechanical applicator 
(Desaga, Heidelberg) 2 cm. from the lower edge of the plates. 
The plates mounted on stainless steel frames were placed in a 
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Desaga glass chamber (45 x 22 x 25 cm.) containing 500 ml 
of the developing solvent (benzene-pyridine-formic acid, 
36:9:5) . When the solvent front travelled 15 cm. from the 
starting line, the development was interrupted and*plates were 
dried at room temperature. The positions of the bands were 
marked in UV light. The marked pigment zones were scraped with 
the help of a spatulla and eluted in separate columns with dry 
acetone. The solvent was recovered till the eluents were 
reduced to -^  10 ml. To these were added water which yielded 
yellow ppt. in each case. The precipitate was filtered, 
washed with water several times and dried. The separated 
components thus obtained were as CS-I (600 mg.), CS-II (150 mg.), 
CS-III (500 mg.), CS-IV (120 mg.) and CS-V (15 mg). The 
homogeniety of the pigments was checked by TLC using the above 
solvent systems. 
CS-I 
CS-I on methylation showed two spots on TLC. It was 
therefore, subjected to counter current distribution (CCD) 
between ethylmethyl ketone and borate buffer (pH 9.8) which 
yielded two compounds, CS-IA (300 mg.) and CS-IB (200 mg.) 
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CS-IA 
1 - 4 ' , I I - 4 ' , 1 -5 , I I - 5 , 1-7, I I~7 -Hexahydroxy [ l - 3 ' , I I - B ] 
b i f l a v o n e (CS-IA) 
It was obtained as pale yellow solid, no,p. 322-323 c 
1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-O-methyl [l-3', II-s] 
biflavone (CS-IAM) 
CS-IA (100 mg.), anhydrous potassium carbonate (1.5 g), 
dimethyl sulphate 0,5 ml. and dry acetone (250 ml.) were 
refluxed on a water bath for 10 hrs. A small portion of the 
reaction mixture was taken out and tested for alcoholic FeCl-
reaction. Refluxing was continued until it gave a negative 
alcoholic PeCl^ test. It was then filtered and evaporated to 
dryness. The oily residue left behind was treated with 
petroleum ether and then dissolved in chloroform. The chloroform 
solution was washed with water, dried over anhydrous Na2S0 and 
concentrated to give a yellow solid. 
It was crystallized from CHCl,-MeOH as colourless 
needles (60 mg.) m,p. 225-227°C, 
•""H-NMR (CDCl^) X V a l u e s o n 5 - s c a l e 
7 , 8 4 ( l H , d , J = 3 HZ, H - I - 2 ' ) ; 7 . 8 6 ( I H , q , J ^ = 9 Hz, J = 3 Hz, 
H - I - 6 ' ) ; 7 , 3 7 ( 2 H , d , J = 9 Hz, H - I I - 2 ' , I I - 6 ' ) ; 7 . 0 8 ( I H , d , J = 9 Hz , 
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H-I-5')/ 6.64(lH,s,H-II-6); 6.71(2H,d,J=9 Hz, H-II-3',5'); 
6.47(lH,d,J»3 Hz, H-I-8); 6.59, 6.49(2H,s,H-I-3,II-3); 
6.32{lH,d,J=3 Hz, H-I-6); 4.05(3H,s,OMe-II-5); 3.90, 3.87, 
3.81, 3.75, 3.71(3H each, s,0Me-I-5, 1-7, II-7, 1-4', II-4') 
1-4', II-4', 1-5, II-5, 1-7, II-7-Hexaacetoxy [l-3', II~8] 
blflavone (CS-IAA) 
CA-IA (50 mg.) was acetylated with pyridine (1 ml) and 
acetic anhydride ( 2 ml.) by heating on a water bath for 2 hrs. 
It was then cooled to room temperature and poured on to crushed 
ice. The separated solid was filtered, washed with water and 
dried. It was crystallized from CHCl^-MeOH as colourless 
needles (40 mg.), ra.p. 241-243 
^H-NMR (CDCI3) : Values on 5-scale : 
8.02(1H,J=2.5 Hz, H-I-2'); 7.98(IH,q,J^^S.S Hz, J2=2.5 Hz, 
H-I-6')7 7.47(2H,d,J=8.5 Hz, H-II-2',6') 7.45(IH,d,J»8.5 Hz, 
H-I-5'); 7.26(lH,d,J=2.5 Hz, H-I-8)7 7.02(2H,d,J=8.5 Hz, H-II-
3',5'); 7.01(lH,s,H-II-6); 6.83(IH,d,J=2.5 Hz, H-I-6); 6.68 
(lH,s,H-I-3); 6.66(lH,s,H-II-3); 2.46, 2.44(3Heach, s, OAc-I-5, 
II-5); 2.27, 2.25(3H each, s, OAc-I-7, II-7); 2.08, 2.01(3Heach, 
s, OAc-I-4', II-4'). 
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CS-IB 
1-4', II-4', 1-5, II-5, 1-7, II-7-Hexahydroxy [1-8, II-s] 
biflavone (CS-IB) 
Obtained as yellow solid, m.p. 300 C 
1-4', II-4', 1-5, II-5, 1-7, II-7^Hexa-0-methyl fl-S, II-s] 
biflavone (CS-IBM) 
CS-IB (50 mg) was methylated with Me SO (0.5 ml) and 
anhydrous K-CO^ (1.0 g.) in dry acetone (200 ml) by refluxing 
on a water bath for 8 hrs. The product was worked up as 
usual and crystallized from CHCl^-MeOH as colourless needles 
(30 mg), m.p. 297-299°C. 
NMR(CDCl2) : Values on 8-scale 
7.20(4H,d,J«9 Hz, H-I-2',6', II-2',6'); 6.75(4H,d,J= 
9 Hz, H-I-3',5', II-3',5'); 6.58(2H,s,H-I-3, II-3); 6,54 
(2H,s,H-I-6, II-6); 4.13(6H,s,OMe-I-5, II-5); 3.75(6H,s,OMe-
1-7, II-7); 3.84(6H,s,OMe-I-4', II-4'). 
1-4', II-4', 1-5, II-5, 1-7, II-7-Hexaacetoxy [l-8, II-S] 
biflavone (CS-IBA) 
CS-IB (50 mg) was acetylated as above and the product 
crystallized from CHCl^-MeOH as colourless prisms (35 mg), 
m.p. 252-253°C. 
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NMR (CDCI3) : Values on 5-scale 
7.12(2H,s, H-I-6, II-6); 7.30(4H,d,J»8.5 Hz, H-I-2',6', 
II-2«,6'); 7.04(4H,d,J=8.5 Hz, H-I-3',5', H-II-3',5'); 
6.61(2H,s,H-I-3, II-3); 2.50(6H, OAc-I-5, II-5); 2.26(6H, 
0AC-I-.4', 11-4'); 2.10(6H, OAc-I-7, II-7) . 
CS-II 
5,7,3^3' ,4 '-Pentahydroxyflavone (quercetin) (CS-II) 
It was crystallized from methanol-benzene as light yellow 
needles, m.p. 314°, UV ^"®°"(nm) 256, 270sh, 301sh, 372; 
/*> max 
(MeOH + NaOMe) 247sh, 321 (dec); (MeOH + AlCl^) 274, 304sh, 
334, 458; (MeOH + AICI3+ HCl) 264, 358, 427; (MeOH + NaOAc) 
257sh, 274, 329, 390 (MeOH + NaOAc + H^BO^) 264, 303sh, 389. 
5,7,3,3',4'-Pentaacetoxyflavone (CS~IIA) 
CS-II (50 mg.) was acetylated with acetic anhydride and 
pyridine and the product crystallized from CHCl -MeOH as 
colourless needles (40 mg.), m.p, 194-195°C. 
H-NMR (CDCl^) : Values on 5-scale 
7.73(lH,d, J=.2.5 Hz, H-2 ') ; 7. 65 (IH, q, J^=2.5 Hz, J^'^ 
8.5 Hz, H-6'); 7.28(lH,d,J=8.5 Hz, H-5'); 7.24(lH,d,J»2.5 Hz, 
H-8); 6.80(lH,d,J=2.5 Hz, H-6); 2.42, 2.32(15H,s,5xOAc). 
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CS-III 
CS-III (150 mg.) was methylated using dimethylsulphate 
(1 ml) and potassium carbonate (2.0 g) in 300 ml.of dry acetone. 
TLC examination of the methylated product showed two spots in 
UV light, corresponding to hexamethyl ether of amentoflavone 
and pentamethylether of hinokiflavone, suggesting it to be 
a mixture of mono-0-methylamentoflavone and hinokiflavone 
85 (R values and shade in UV light) . The methylethers were 
separated by PLC to give pure methyl ethers, CS-III AM(60 mg.) 
and CS-III BM (50 mg.) CS-III (200 mg.) was, therefore, 
subjected to CCD separation between ethylmethylketone and 
borate buffer (pH 9.8) to give CS IIIA (80 mg.) and CS-IIIB 
(60 mg.). 
II-4', 1-5, II-5, I~7, II-7-Pentahydroxy [l-4'-O-II-e! 
biflavone (CS-IIIA) 
Yellow solid m.p. 344°C 
II-4*, 1-5, II-5, 1-7, II-7-Penta-O-methyl ri-4'-Q-II-6] 
biflavone (CS-IIIAM) 
I t was c r y s t a l l i z e d from CHCl^-MeOH as c o l o u r l e s s need les 
(60 mg), m.p. 260-262°C. 
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NMR (CDCl^) : Values on 5-scale 
6.34(lH,d,J=2.5 Hz, H-I-6); 6.52(lH,d,J=2.5 Hz, H-I-8); 
6.56(lH,s,H-II-8); 6.58(lH,s, H-I-3); 6.60(lH.s, H-II-3); 
7.96(2H,d, J=9 Hz, H-I-2',6'); 7.36 (2H,d, J=:9 Hz, H-II-2',6')7 
6.96(2H,d,J=9 Hz, H-I-3',5*); 7.04(2H,d,J=9 Hz, H-II-3',5') 
3.94-3.85(15H,s,50Me,I-5, II-4', 1-7, II-7, 11-5): 
II-4', 1-5, II-5, 1-7, II-7-Pentaacetoxy [l-4'-0-II-6] 
biflavone (CS-IIIAA) 
CS-IIIA (60 mg) was acetylated with pyridine (2 ml) 
and acetic anhydride ( 2 ml ) in usual way and then crysta-
llized from CHCl^-MeOH as colourless prisms (40 mg), 
m.p. 236-239°C. 
H-NMR (CDCl^) I Values on 5-scale : 
6.85{lH,d,J=2.5 Hz, H-I-6); 7.43(lH,d,J»2.5 Hz, H-I-8) 
7.08(lH,s,H-II-8); 6.66(lH,s, H-I-3); 6.74(lH,s, H-II-3); 
7.95(2H,d,J-9 Hz, H-I-2',6'); 7.85(2H,d,J»9 Hz, H-II-2',6'); 
7.02(2H,d,J=9 Hz, H-I-3',5'); 7.32(2H,d,J«9 Hz, H-II-3',5'); 
2.44(3H,s, II-5); 2.34(6H,s, 1-5, II-4'); 2.25(3H,s, 1-7) 
2,13(3H,s, II-7). 
1-4', 1-5, II-5, 1-7, II-7-Pentahydroxy-II-4'-0-methyl 
[l-3', II-8 ] biflavone (CS-IIIB) 
Pale yellow solid, m.p. 321-323°C. 
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1-4', II-4', 1-5, II-5, 1-1, II-7-Hexa-0~methyl[l-3', II-s] 
blflavone (CS-IIIBM) 
It was crystallized from CHCl-,-MeOH as colourless 
needles (40 mg.), m.p. 227-228°C. 
NMR (CDCl^) t Values on 8-scale 
7.85(lH,d,J«3 Hz, H-I-2')7 7.88(IH,q,J^=9 Hz, J2»3 Hz, 
H-I-6'); 7.37(2H,d,J»9 Hz, H-II-2', II-6'); 7.09(lH,d,J=9 Hz, 
H-I-5'); 6.68(lH,s,H-II-6); 6.72(2H,d,J=9 Hz, H-II-3',5'); 
6.47(lH,d,J=3 Hz,H-I-8); 6.50, 6.59(2H,s,H-I-3, II-3); 
6.33(lH,d,J-3 Hz, H-I-6); 4.05(3H,s,OMe-II-5); 3.94, 3.85, 
3.82, 3.74, 3.73(3H, each, s, OMe-I-5, 1-7, II-7, 1-4', II-4'). 
1-4', 1-5, II-5, 1-7, II-7-Pentaacetoxy-II-4'-0-methvl[l-3', Il-sj 
blflavone (CS-IIIBA) 
CS-IIIB (50 mg.) was acetylated as above and the product 
crystallized from CHCl^-MeOH to give colourless needles (35 mg), 
m.p. 256-257 . 
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NMR (CDCl^):.Values on 5-scale 
8.15 (lH,d, J=2.5 Hz, H-2 •) ; 8.1(1H, q, J^»8. 5 Hz, ^2'^'^'^ "^' 
H-I-6'); 7.54{2H,d,J=8.5 Hz, H-II-2',6'); 7.50(2H,d,J=8.5 Hz, 
H-I-5'); 7.32(lH,d,J=2.5 Hz, H-I-8); 7.04(lH,s, H-II-6); 
6.74(2H,d,J-8.5 Hz, H-II-3',5'); 6.84(lH,d,J=2.5 Hz, H-I-6); 
6.72(lH,s,H-I-3); 6.66(lH,s, H-II-3); 3.74(3H,S, OMe-II-4'); 
2.46, 2.42(s, 3H each, OAc-I-5, II-5); 2.08{3H,s, OAc-I-4'); 
2.29, 2.04(s,3H each, OAc-I-7, II-7) . 
CS-IV 
II-4', 1-5, II-5, I~7-Tetrahvdroxy-II-7-0-fnethyl [l-4'-0-II-6] 
biflavone : 
Pale yellow prisms, m.p. 310-311 C(deconip.) 
II-4', 1-5, II-5, 1-7, II-7-Penta-O-methyl [l-4'-0-II-6] 
biflavone (CS-IVM) 
CS-IV (20 mg) was methylated using dimethylsulphate 
(0.5 ml) and potassium carbonate (1.0 g) in dry acetone. TLC 
examination of the methylated product showed only one spot in 
UV light corresponding to pentamethyl ether of hinokiflavone 
which was confirmed by direct comparison with CS III-AM. 
2Z2 
II-4', 1-5, II-5, I-7-Tetraacetoxv-II-7-0-methyl [I-4'-0-II-6] 
biflavone (CS~IVA) 
CS-IV, (60 mg.) was acetylated with AC2O and pyridine 
and crystallized from CHCl--MeOH as colourless cubes (40 mg) 
m.p. 212-213°C. 
"^ H-NMR (CDCI3) : Values on 8-scale 
6.83(lH,d,J=2.5 Hz, H-I-6); 7.26(lH,d,J«2.5 Hz, H-I-8); 
6.94(lH,s, H-II-8)7 6.59(lH,s, H-I-3) ; 6.55(lH,s, H-II-3); 
7.75(2H,d,J»9 Hz, H-I-2',6'); 7.83(2H,d,J»9 Hz, H-II-2',6'); 
6.99(2H,d,J»9 Hz, H-I-3',5'); 7.28(2H,d,J»9 Hz, H-II-3',5«); 
3.86(3H,s,OMe,-II-7); 2.44, 2.41, 2.24, 2.25(12H,s,4xOAc). 
CS-V 
CS-V(Mlnor)J- R, values of CS-V and its permethylether 
(obtained by methylation with Me2S0 and K^CO^) and characteris-
tic fluorescence in LTV light showed it to be dimethylether of 
hinokiflavone. 
Water Soluble Portion 
The water soluble fraction was extracted with ethyl 
acetate (3x11.) and the solvent evaporated to give a semi 
solid mass (1.5 g). 
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Chromatographic Examination of the Semi Solid mass. 
The semi solid mass (1.5 g) dissolved In MeOH was 
subjected to chromatographic analysis on Whatman no. 1 
filterpaper employing both the ascending and descending 
techniques. The developing solvent systems used were :-
1. n-Butanol-acetlc acid-water (4:lj5) upper layer 
2. n-Butanol-acetlc acid-water (8:2i5) upper layer 
3. t-Butanol-acetlc acid-water (3:lil) 
4. Acetic acid-water (15j85) 
5. Acetic acid-water (30j70) 
The chromatograms were run for 12 hrs. In the solvent 
systems (1), (2) and (3), and for 6 hrs. In the solvent systems 
(3) and (4). After drying at room temperature, the chromato-
grams on examination under UV light revealed only one 
flavonoldlc spot In each of the above solvent systems which 
was labelled as CSg. 
Purification of CSg ( Preparative paper chromatography) 
The solution of CSg in methanol was applied as a 
streak from a wide band pipette on the Whatman no. 3 MM 
chromatographic paper. A hair drier was used for the solvent 
evaporation between repeated application of the solution to 
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the paper. The chromatograms were developed in the solvent 
system (1) for 12 hrs. After drying, the band was marked 
under UV light, carefully cut and extracted with methanol. 
On recovery of the solvent, the residue was dissolved in 
acetone filtered and evaporated to give a yellow solid 
compound (350 mg), Its homogeniety was further checked by 
two dimensional paper chromatography using t-Butanol-acetic 
acid-water (3:ljl) as the first developing solvent and 
aq. acetic acid (15%) as the second developing solvent system. 
Quercetin-3-0-«< -L-rhamnopyranoside (CSg) 
Crystallized from MeOH as yellow cubes (300 mg) 
ra.p. 186-187°, R^ 0.73 (BAW). 
Quercetin-3-0-c^-L-rhamnoside heptaacetate (CSgA) 
A mixture of CSg (50 mg), AC2O (1 ml.) and pyridine 
(1 ml.) was heated on a water bath for two hrs. and worked 
up as usual. The product on crystallization from CHCl^-MeOH 
yielded colourless needles (30 mg.), m.p, 150*^ C, 
O ft — 22 
H-NMR (CDCl^) : Values on S-scale 
6.86(lH,d,J«2.5 Hz, H-6); 7.32(lH,d,Ja2.5 Hz, H-8); 
7.46(lH,d,J«9 Hz, H-5'); 7.90(lH,d,J=2.5 Hz, H-2'); 
7.80(lH,q,J=9 & 2.5 Hz, H-6'); 3.23-3.46(lH,m, H-5"); 
4.93-5.20(3H,m, H-2", H-3", H-4"); 5.68(lH,d,J=2 Hz, anomeric 
proton H-1"); 1.97, 2,12(9H, Aliphatic OAc of rhamnose 
moiety); 2.31, 2.43(12H, Aromatic OAc); 0.88(3H,d,J«7 Hz, 
rhamnose methyl). 
Hydrolysis of CSg 
An alcoholic solution of CSg (20 mg.) was heated with 
6% aq. hydrochloric acid on a water bath for 2 hrs. The 
yellow solid (CS-H) thus separated, was filtered, washed well 
with water and dried. It was crystallized from MeOH as 
yellow needles, m.p. 315°, R^ 0.21 (BPF), identified as 
quercetin by UV spectral studies. 
UV spectral data of (cs-H) ( >> max""^) 
MeOH 255, 270sh, 300sh, 371 
+ NaOMe 247sh, 322 
+ AICI3 273, 305sh, 333, 458 
+ NaOAc 258sh, 274, 330, 388 
+ NaOAc+H3B03 265, 305sh, 391 
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Chromatographic identification of sugar. 
The filtrate was passed through a polyamide coluron 
to remove traces of aglycone matter. The eluate was then 
neutralized with Amberlite IR-45(OH), filtered and evaporated 
to dryness in vacuo. The residue was examined by paper 
chromatography (BAW) and the chromatogram was developed by 
spraying with aniline hydrogen phthalate and heating at—110° 
for 5 minutes. The sugar (R_ 0,34) was identified as rhamnose 
by comparison with authentic sample (R_, shade, Co-PC) 
Permethylation of the glycoside (Hakomori's method) 
NaH (500 mg.) was stirred with DMSO(30 ml.) at 80°C 
for 30 minutes londer N» gas. To this reagent, solution of 
the glycoside (100 mg.) in DMSO (20 ml.) was added and the 
reaction mixture was stirred for 1 hr. at room temperature 
under N2 gas. Mel (10 ml.) was added and the reaction mixture 
was stirred for 4 hrs. at room temperature. The mixture was 
poured into ice-water and extracted with EtOAc, washed with 
water, dried (MgSO.) and evaporated under reduced pressure 
to give an oily product. This oil was subjected to PLC 
using C,H,-Me_CO (4:1) as the developing solvent system to 
afford the permethylated glycoside (CSQM) (60 mg.) 
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Hydrolysis of the permethylated glycoside 
CSgM (60 mg.) was hydrolysed with aq. HCi-CH^COOH which 
on usual work up and separation gave quercetin-5,7,3',4'-
tetramethyl ether (CS-M) and 2,3,4-tri-O-methyl-L-rhaninose, 
R^ 0.76 [ T L C (Si gel G) , toluene-methanol, 4:1) J 
Quercetin '5,7,3',4'-tetramethylether (CS-M) 
It was crystallized from CHCl--MeOH as light yellow 
needles (--40 mg.), m.p. 195-196^^0 
UV Absorption ("x nm ) 
^ ^ max 
MeOH 251, 360 
+ AICI3 261, 421 
+ AICI3+HCI 259, 419 
+ NaOAc 252, 362 
+ NaOAc+H-,BO-, 250, 361 
3-Acetoxy-5,7,3',4'-tetramethoxyflavone (CSMA) 
CS-M (30 mg.) dissolved in 0,5 ml. pyridine and 1 ml. 
acetic anhydride was heated on a water bath for 2 hrs. The 
reaction mixture was cooled, poured on to crushed ice and 
filtered, washed well with water, dried and crystallized from 
CHCl -MeOH to give colourless cubes m.p. 160-161°. 
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H-NMR (C3DC1^ ) i Values on 5-scale 
7.35(2H,q,J»2.5 Hz and 9 Hz, H-2',6'); 6.84(lH,d,J=9 Hz, 
H-5'); 6.93(lH,d,J=2.5 Hz, H-8); 6.22(lH,d,J=2.5 Hz, H-6); 
3.77, 3.82, 3.84(12H, 4 x OMe); 2.29(3H,S,1 X O A C ) . 
223 
Flavonoids from the Leaves of Cupressus cashmerlana Royle 
( Cupressaceae ) 
Dried and powdered leaves of cupressus cashmerlana 
(procured from F.R.I., Dehradun, India) (4 Kg.) were completely 
exhausted with methanol. The combined methanol extracts were 
concentrated to give a dark viscous mass. This was refluxed 
successively with petroleum ether (60-80 ), benzene and 
chloroform till the solvent in each case was almost colourless. 
The residue was then poured in excess of cold water and 
filtered. The insoluble portion was dissolved in ethanol and 
dried under reduced pressure to give a dark-green residue 
(15 g.). The water soluble portion was extracted with butanol, 
dried in vacuo and subjected to column chromatography followed 
by preparatory paper chromatography to give a diglycoside of 
quercetin (CCg). 
Purification of water insoluble portion by column chromatography 
The crude insoluble residue (15 g.) was dissolved in 
acetone and adsorbed on Silica gel and transferred over to a 
column of Silica gel (300 gm.) set up with petroleum ether 
(60-80 ). The column was eluted with organic solvents in the 
increasing order of polarity. The results are given in the 
Table-LIII. 
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TABLE-LI I I 
S.NO. Solvent Nature of the product 
1. Petroleum ether (60-60 ) 
2. Benzene 
3. Benzene-Ethylacetate (9:1) 
4. Benzene-Ethyl acetate(8j2) 
5. Benzene-Ethyl acetate(7:3) 
6. Benzene-Ethyl acetate(3:3) 
7. Benzene-Ethylacetate (1:1) 
8. Benzene-Ethyl acetate(1:3) 
9. Ethyl acetate 
10. Acetone 
11. Methanol 
Greenish guimiy mass. 
Green waxy product 
Dark guirniy product 
Green solid 
Yellow solid 
Yellow solid 
Yellow solid 
Yellow solid 
Yellowish brown solid 
Brown solid 
Brown gujnmy mass. 
The fractions obtained with benzene-ethyl acetate and 
acetone gave usual flavonoid colour tests. They were combined 
and solvent distilled off to give a yellowish brown solid (5 g.) 
Separation of flavonoid mixture - preparative thin layer 
chromatography 
The yellowish-brown solid obtained above was examined by 
TLC using benzene-pyridine-formic acid (BPF - 36:9:5) as the 
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developing solvent system, which showed three compact brown 
spots in UV light, labelled as CC-I (R^ 0.17), CC-II (R^ 0.36) 
and CC-III (R^ 0.50). The yellowish brown solid (5 g.) was 
dissolved in pyridine and the solution was subjected to PLC 
(BPF - 36:9:5) to yield CC-I (500 mg.), CC-II (400 mg.) and 
CC-III (200 mg.). 
CC-I 
Methylation (CC-I) 
CC-I (200 mg.) was methylated using dimethyl sulphate 
(1 ml.) and Potassium Carbonate (5 g.) in 500 ml. of dry 
acetone. The methylated mixture by TLC examination showed the 
presence of amentoflavone and cupressuflavone (R^ values and 
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characteristic fluorescence in UV light) . They were 
separated by PLC into two fractions CCIMI and CCIMII. 
1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-O-methyl fl-B', II-B^ 
biflavone (CC-IMI) 
It was crystallized as colourless needles (50 mg.) from 
CHCl^-MeOH, m.p. 227^C, R^ 0,41, yellow fluorescent in UV light, 
H-NMR (CDCl^) data identical with that of CS-IAM and also 
authentic amentoflavone hexamethyl ether. 
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1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-O-methyl [1-8, II-o] 
blflavone (CC-IMII) 
It was crystallized as colourless needles (40 mg.) from 
CHCl,i MeOH, m.p. 298°C, R^ 0.44, orange fluorescence in UV 
light, H-NMR (CDCl^) same as CS-I3M and also authentic 
sample of cupressuflavone hexamethyl ether. 
CC-II 
Methylation (CC-II) 
CC-II (175 mg.), anhydrous potassium carbonate (5 g.), 
dimethyl sulphate (1 ml.) and dry acetone (400 ml.) was 
refluxed on a water bath for 12 hrs. After usual wor3c-up 
and TLC examination, the methylated product was found to be 
the mixture of two methyl ethers, CC-IIAM and CC-IIBM. They 
were separated by preparative TLC to give pure methyl ethers, 
CC-IIAM (40 rag.) and CC-IIBM (50 mg.). 
CC-II (250 mg.) was, therefore, subjected to CCD 
separation between ethyl methyl ketone and borate buffer 
(PH 9.8) to give CC-IIA (80 mg.) and CC-IIB (120 mg.). 
II-4', 1-5, II-5, 1-7, II-7-Pentahydroxy \_l-4'-0-11-6] 
blflavone (CC-IIA):- Yellow solid, m.p. 344-345°C. 
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II-4', 1-5, II-5, 1-7, II-7-Penta-O-methyl [l-4*-0-II-6] 
biflavone (CG-IIAM) 
It was crystallized from CHCl^: MeOH as colourless 
needles (30 mg.), m.p. 259-261 , R^ 0.51, blue fluorescence 
in UV light, NMR (CDCl,) same as given in Table-XVII for CS-IIIAI 
II-4', 1-5, II-5, 1-7, II-7-Penta acetoxy [l-4'-0-II-6] 
biflavone. CC-IIAA' 
CC-II (60 mg.) was acetylated with pyridine and acetic 
anhydride and worked up as usual. It was crystallized from 
CHCl^-MeOH as colourless needles (40 mg.), m.p. 238-240°C, 
^H-MMR (CDCI3) same as given in Table XVII for CS-IIIAA' 
1-4', II-4*, 1-5, II-5, II-7-Pentaacetoxy-I-7-0-methyl 
fl-S', II-s] biflavone (CC-IIBA) 
CC-IIB (50 mg.) was acetylated with pyridine and 
acetic anhydride and worked up as usual. It was crystallized 
from CHCl^-MeOH to give a white product as colourless 
needles (35 mg.), m.p. 244 . 
^H-NMR (CDCl^): Values on 5-scale 
6.56(lH,d,J=2 Hz, H-I-6); 6.48(lH,d,J=2 Hz, H-I-8); 
6.64(lHeach, s, H-I-3, H-II-3); 7.02(lH,s, H-II-6); 
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7.06(2H,d,J=8.5 Hz, H-II-3',5'); 7.47(2H,d,J=8.5 Hz, H-II-2', 
6'); 8.02(lH,d, H-I-2'); 7.50{lH,d, H-I-5'); 7.91(iH,q,H-I-6'); 
2.08, 2.04(6H,s, 1-4', II-4'); 2.41, 2.46(6H,s, 1-5, II-5); 
(3.84), 2.24(3H each,s, 1-7, II-7) 
Number in parenthesis show the chemical shift of 
methoxy protons. 
CC-III 
II-4', 1-5, II-5, I-7-Tetrahvdroxy-II-7-0-methyl [l-4'-0-II~6] 
biflavone (CC-III) 
Pale yel low p r i sms , m.p. 308-310 C(decomp.) 
Methylation of CC-III 
CC-III (50 mg.) was methylated using dimethylsulphate 
(0.5 ml.) and potassium carbonate (2 g.) in 200 ml. of dry 
acetone as described earlier. TLC examination showed only 
one spot in UV light, corresponding to pentamethyl ether of 
hinokiflavone and also identical in R^ and shade with the 
sample CS-IVM. 
II-4', 1-5, 11-5, I-7-Tetraacetoxy-II-7-0-methyl [I-4'-0-II-G] 
biflavone (CCIIIA) 
CC-III (60 mg.), pyridine (1 ml.) and acetic anhydride 
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(2 ml.) were heated on a water bath for 2 hrs. The product 
on usual work-up and crystallization from CHCl,-MeOH gave 
colourless cubes (40 rog.), m.p, 212 C, 
H-NMR (CDCl,) : Values on5-scale 
6.81(lH,d, J=2.5 Hz, H-I-6); 7.30 (lH,d, J=»2.5 Hz, H-I-8) ; 
6.96(lH,s, H-II-8); 6.56(lH,s, H-I-S); 6.58(lH,s, H-II-3); 
7.73(2H,d,J=9 Hz, H-I-2«,6')7 7.80(2H,d,J=9 Hz, H-II-2•,6'); 
6.97(2H,d,J=9 Hz, H-I-3',5'); 7.25(2H,d,J=9 Hz, H-II-3',5'); 
3,87{3H,s, OMe-II-7); 2.45(3H,OAc); 2.40(3H,OAc) 2.26(6H, OAc). 
Water soluble portion of the leaf extracts of C.cashmeriana. 
The butanol extract of the water soluble fraction was 
dried in vacuo to give a viscous mass (4 g.), chromatographic 
examination (TLC and Paper) of which in different solvent 
systems showed only one flavonoidic spot. It was subjected to 
column chromatography (Si-gel). Elution of the column with 
CHCl,-MeOH (4:1) afforded the glycoside which was finally 
purified by preparative paper chromatography (BAW) to yield 
a yellow homogeneous mass CCg(560 mg.) (R^ 0.46, BAW) 
Quercetin-3-o-(6"-Q-o^-L-rhamnopyranosyl)-p-D-glucopyranoside 
(CCg) 
Crystallized from (EtOAc-MeOH) into pale yellow cubes 
(500 mg.), m.p. 187-188° 
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UV spectral shifts (nin) of CCg 
-N MeOH 
^ max 
+ NaOMe 
+ AICI3 
+ AlCl-j+HCl 
+ NaOAc 
+ NaOAc+H-,B0. 
258, 
212, 
276, 
270, 
272, 
263, 
265sh, 298 
328, 407 
432 
303sh, 401 
323, 389 
301, 383 
Acetylation of CCg 
CCg (80 mg.) dissolved in 2 ml, pyridine was added 4 ml. 
acetic anhydride and heated for 3 hrs. on a water bath. The 
reaction mixture was cooled, added to the crushed ice and 
filtered, washed with excess of water and dried to give CCgA(50 mg] 
m.p, 135 C. It was subjected to H-NMR spectroscopy. 
^H-NMR (CDCI3) : Values on 8-scale 
6.84(lH,d,J=2.5 Hz, H-6); 7.32(lH,d,J-2.5 Hz, H-8); 
7.35(lH,d,J=9 Hz, H-5'); 8.02{lH,dd,J»2.5 & 9 Hz, H-6'); 
7.95(lH,d,J=2.5 Hz, H-2'); 3.35-3.60 [ 4H,m, H-5,6(glucosyl), 
H-5(rhamnosyl)J ; 4.52(lH,d,J=2 Hz, rhamnosyl(H-1"•); 5.05-5.30 
(6H,H-2,3,4-glucosyl, H-2,3,4-rhamnosyl)7 5.35(lH,d,J =7 Hz, 
H-l"); 0.91(3H,m,rhamnosyl methyl); 1.92-2.15(18H,six alcoholic 
acetoxyls); 2.30-2.45(12H, four phenolic acetoxyls). 
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"^ C^-NMR (TMSi deriv., CDCl^) (8) : 156.2^ (C-2) , 
156.4^(C-9), 133.4(C-3), 177.4(C-4), 161.5(C-5), 98.4(C-6), 
163.8(C-7), 93.4(C-8), 104.2(C-10), 121.5(C-1' andC-6'), 
115.6^(C-5') , 148.4(C-4'), 116.4^ (C-2 •) , 144.8(C-3'), 100.s"^  
(C-l**); IOOM'^CC-I"'), 74.4 (C-2"), 76. l'^  (C-5") , 66.8 (C-6»), 
76.6^(C-3'»), 70.1®(C-4'*), 70. 6^  (C-2''•) , 70.8® (C-3" •) , 72.4 
(C-4"'), 68.8(C-5"'), 17.7(C-6"'). 
Assignments bearing the same superscript may be reversed. 
Hydrolysis of CCg 
An alcoholic solution of CCg (20 mg.) was heated with 
8% aqueous hydrochloric acid on a water bath. Heating was 
continued for 2 hrs. to ensure complete hydrolysis. The 
yellow solid separated from the aqueous hydrolysate was 
filtered off and was crystallized from methanol to give yellow 
needles of the aglycone (CC-H), m.p. 315 C showed no depression 
in m.p. on admixture with authentic sample of quercetin. 
Chromatographic identification of sugars. 
The filtrate was neutralized as in C.sempervirens and 
was examined by paper chromatography (BAW). The chromatograms 
were developed by spraying with aniline hydrogen phthalate 
and heating at~-110 C for 5 minutes. The sugars were identified 
as D-glucose (R 0.18) and L-rhamnose (R 0.36) by comparison 
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with authentic sugars (R,, shade and Co-PC). 
Partial hydrolysis of CCg 
The glycoside (40 mg.) was hydrolysed by refluxing with 
1% H-SO . Aliquots were taken out at different intervals and 
examined by paper chromatography (BAW). After one hr., it 
yielded a glycosidic compound designated as CCg-l and a sugar, 
L-rhamnose. CCg-I was purified by paper chromatography which 
on crystallization from MeOH gave yellow needles (20 mg.), m.p, 
235-237 C, UV spectral shifts data same as CCg, 
Acid hydrolysis of CCg-I 
CCg-I (10 mg.) on hydrolysis with 8% HCl for two hrs, 
yielded an aglycone, identical with CC-H in m.p,, R^  and 
LTV spectral data found comparable with that of quercetin and 
a sugar. The sugar was identified as glucose by PC, 
Enzymic hydrolysis of CCg-l 
CCg-I (2 mg.) was hydrolysed with emulsin prepared from 
almond at 3 0-40 for 70 hrs. Liberation of glucose in the 
hydro ly sate was confirmed by paper chrcsnatography. 
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UV spectral shifts of CC-H (X^^ax"'"^ 
MeOH 256, 269sh, 302sh, 372 
+ NaOMe 247, 323 
+ AICI3 272, 304sh, 332, 457 
+ NaOAc 258sh, 273, 331, 389 
+ NaOAc+HoBO^ 264, 303sh, 292 
Pennethylation of CCg followed by hydrolysis 
CCg(50 mg.) was perroethylated by Hakomori's method 
as described in 2* sempervirens which on hydrolysis with Kiliani 
mixture (HOAc-HCl-HjO, 7j3:10) gave quercetin-5,7,3•,4'-tetra-
methyl ether (CC-M), 2,3,4-tri-O-methyl-D-glucose (R^ 0.54) 
and 2,3,4-tri-O-methyl-L-rhamnose (R- 0.75). The partially 
methylated sugars were identified on TLC (Si-gel, Toluene-
MeOH - 4jl) by comparison of R^ values of the same sugars 
reported in the literature. 
Quercetin-5,7,3',4'-tetramethyl ether (CC-M) 
It was crystallized from CHCl,-MeOH as light yellow 
needles (~10 mg.), m.p. 194-196°C. 
UV absorption (\ nro) 
^ ^ max 
MeOH 
+ AICI3 
+ AICI3+HCI 
+ NaOAc 
a 
+ NaOAc+H^BO^ 
252, 
261, 
260, 
253, 
251, 
359 
419 
419 
362 
360 
2^0 
Extraction of flavones^ blflavones and flavonol glycosides 
from the Leaves of Thuja orientalis Linn (Cupressaceae) 
Thuja orientalis Linn (Cupressaceae) was procured from 
Forest Research Institute, Dehradun (U.P.), India. The 
dried and powdered leaves (4 Kg.) were completely exhausted 
with hot acetone and the acetone extracts were concentrated 
first at atmospheric pressure and then under reduced pressure. 
A gummy dark green mass was obtained. This was treated with 
petroleum ether (60-80 ) and benzene till the solvent in each 
case was almost colourless, to remove nonflavonoidic and 
resinous matter. The gummy mass was refluxed with ethyl-
acetate for 24 hrs. and filtered. The filtrate was 
evaporated to dryness and the residue treated with hot water. 
The water insoluble mass was dissolved in methanol and dried 
under reduced pressure to give a dark green residue (10 g.) 
which responded to the usual colour tests for flavonoids. 
Purification and Separation of water insoluble flavonoid 
mixture by chromatographic methods 
The crxide flavonoid mixture (10 g.) was adsorbed on 
Silica gel (50 g.) and transferred over to a column of Silica 
gel (200 g.) set with petroleum ether (60-80°). The column 
was eluted successively with petroleum ether (40-60°), benzene 
chloroform and benzene-ethyl acetate (9:1, 4:1 and 3:2). 
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The fractions elated with benzene-ethylacetate were combined 
and solvent distilled off. A yellowish brown solid (2 g.) 
thus obtained on TLC examination (BPP; 36:9:5) showed the 
presence of five compact brown spots in UV light. It was 
therefore, subjected to PLC (Silica gel, BDH) and the five 
bands were separated and labelled as TO-I(R 0.12, 100 mg.); 
TO-II (R^  0.17, 500 mg.); TO-Ill (R^  0.22, 150 mg.); TO-IV 
(R^  0.36, 300 mg.); TO-V (R 0.52, 60 mg.) 
5,7,3,3',4*,5'-Hexahydroxyflavone (TO-I)(Myricetin) 
It was crystallized from MeOH as pale yellow needles 
(80 mg.), m.p. 358-359°C 
UV spectral data with shift reagents {\ nm) 
MeOH 
NaOMe 
AlCl^ 
AlCl^+HCl 
NaOAc 
NaOAc+H^BO^ 
253, 273sh, 373 
260sh, 282sh, 321, 
270, 317sh, 451 
264, 274sh, 430 
268, 335(dec.) 
257, 302sh, 391 
421 (dec) 
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3^5,7,3',4'>5'-Hexaacetoxy flavone (TO-IA) 
TO-I (60 mg.) was heated with pyridine (0.5 ml.) and 
acetic anhydride (1 ml.) on a water bath for 2^ hrs., worked-
up as usual and crystallized froni CHCl^-MeOH as colourless 
needles (40 mg.), m.p, 218-219°C 
H-NMR (CDCl^) : Values on 6-scale 
6.54(d,lH,J»2.5 Hz, H-6); 6.S2(d,IH,J-2.5 Hz, H-8); 
7.61(s,2H, H-2',6'); 2.05(s,9H, OAc-3•,4',5'); 2.29(s,6H, 
OAc-3,7); 2.41(s,3H, OAc-5) 
TO-II t TO-II (300 mg.) was methylated using 
dimethyl sulphate (1 ml.) and anhyd. potassium carbonate 
(2 g.) in dry acetone and worked-up as usual. The product 
was separated by PLC (Silica gel) into twomethyl ethers, 
marked as TO-IIMI (150 mg.) and T0-IIMII(90 mg.). TLC 
examination of TO-II and its complete methyl ethers (TO-IIMI 
and TO-IIMII) showed it to be a mixture of amentoflavone and 
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cupressuflavone (R^  values and fluorescence in UV light); 
.1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-Q-methyl fl-S', II-s] 
biflavone (TO-IIMI) 
It was crystallized from CHCl--MeOH as colourless needles 
(130 mg.), m.p. 226-227°, R^ 0.40, fluorescent yellow in UV light 
2^3 
^H-NMR (CDCl,) : Values on S-scale 
6.36(d,lH,J»2.5 Hz, H-I-6); 6.57(d,IH,J=2.5 Hz, H-I-8); 
6.63(s,lH, H-II-6); 6.52, 6.55(s,lH, each H-I-3, II-3); 
7.93(q,IH,J^»3 Hz, J2»9 Hz, H-I-6')7 7.86(d,IH,J»3 Hz, H-I-2'); 
7.12(d,lH,J=9 Hz, H-I-5'); 7.38(d,2H,J=9 Hz, H-II-2',6') 6.7(d, 
2H,J=9 Hz, H-II-3*,5'); 4.06(s,3H, OCH^-II-5); 3.94(S,3H, OCH^-
1-5); 3.92, 3.84(each s, 6H, OCH2-I-7, II-7); 3.82, 3.78 (each 
s, 6H, OCH -1-4', II-4') 
1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-O-methyl [1-6, Il-sj 
blflavone (TQ-IIMII) 
TO-IIMII on crystallization from CHCl^-MeOH gave 
colourless needles (80 mg.), m.p, 296-297°C, R^ 0.44 (BPP), 
fluorescent orange in UV light. 
^H-NMR (CDCl^) : Values on 5-scale 
7.28(d,4H,J-9 Hz, H-I-2*,6', II-2',6'); 6.74(d,4H,J-9 Hz, 
H-I-3',5', II-3',5'); 6.56(s,4H, H-I-3, II-3, H-I-6, II-6); 
4.11(s,6H, OCH^-I-S, II-5); 3.84(s,6H, OCH2-I-4', 11-4'); 
3.75(s,6H, OCH3-I-7, II-7). 
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5,7^3,3',4'-Pentahydroxyflavone (TO~III)(Quercetln) 
It was crystallized frcan methanol-benzene as yellow 
needles (120 mg.), m.p. 315 C. 
UV spectral data with shift reagent (> nm) 
Me OH 
+ NaOMe 
+ AlCl. 
+ AlCl^+HCl 
+ NaOAc 
+ NaOAc+H^BOj 
max 
256, 268sh, 370 
248sh, 322(decomp.) 
271, 303sh, 332, 457 
266, 358, 429 
256sh, 275, 328, 391(decomp.) 
262, 304sh, 387 
3,5,7,3',4'-Pentaacetoxy flavone (TO-IIIA) 
TO-III (70 mg.) was acetylated with AC2O and pyridine 
ystallized from ( 
(45 mg.) , m.p. 195-196^ 
and cr CHCl -MeOH as colourless needles 
.0 
H-NMR (CDCl^) : Values on 5-scale 
7.71(lH,d,J-2.5 Hz, H-2'); 7.64(IH,q,J^=2.5 Hz, J2=8-5 Hz, 
H-6'); 7.25(lH,d,J=8.5 Hz, H-5')7 7.24(lH,d,J=2.5 Hz, H-8); 
6.78(lH,d,J=2.5 Hz, H-6); 2.42, 2.32(15H,s,5 x OAc) 
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TO-IV : The fraction TO-IV was found to be the mixture of 
hinokiflavone and monomethylether of amentoflavone (minor) 
by TLC exarnlpation of TO-IV and its completely methylated 
B5 products (R^ values and characteristic shade in UV light) 
TO-IV (150 mg.) was therefore, subjected to CCD separation 
between ethylmethylketone and borate buffer (pH 9.5) which 
yielded only one component, TO-IV X (120 mg.). The other 
component could not be recovered. 
II-4', 1-5^ II-5, 1-7, II-7-PentahydrQXv [l-4'-0-II-6] 
biflavone .(TO-IV X) 
Crystallized from MeOH as yellow cubes (100 mg.), 
m.p. 344-345*^C, R 0.36 (BPF) . 
II-4*, 1-5, II-5, 1-7, II-7-Pentaacetoxy [l-4'-0-II-6] 
biflavone (TO-IV XA) 
TO-IV X (60 mg.) was acetylated with acetic anhydride 
and pyridine. The product on usual work-up and crystallization 
from CHCl,-MeOH yielded colourless needles (40 mg.), m.p. 
239-240°C., 
H-NMR (CDCI3) : Values onS -scale 
6.90(d,lH,J=2 Hz, H-I-6) ; 7.53(d,IH,J=2 Hz, H-I-8); 
7.21(s,lH, H-II-8) ; 6.76*(s,lH, H-I-3); 6.66*(s,lH, H-II-3) 
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8.01(d,2H,J=9.5 Hz, H-I-2',6*)7 7.98(d,2H,J=9.5 Hz, H-II-2',6'); 
6.25(d,4H,J=9.5 Hz, H-I-3',5' and II-3',5'); 2.44, 2.36, 2.26, 
2.14, 2.12(s,3H each, 5-OAc). 
* Alternative assignment is possible. 
5,7,4'-Trlhydroxyflavone (TO-V) ^Apiqenin) 
It was crystallized from EtOAc as yellow needles (50 mg.) 
m.p. 346°,^^^^^ 268, 340 n.rn., Methylether (TO-VM) R. 0.54 
(BPF) fluorescent blue in UV light. 
5,7,4'-Triacetoxyflavone (TQ-VA) 
TO-V (40 mg.) was heated with pyridine (0.5 ml.) acetic 
anhydride ( 1 ml.) on a waterbath for 2 hrs., worked-up as 
usual and crystallized from CHCl,-MeOH as colourless needles 
(30 mg.), m.p. 186-187°C. 
^H-NMR (CDCl ) t Values on 5-scale 
6.56(s,lH, H-3); 6.78(d,IH,J=2.5 Hz, H-6) ; 7.18(d,lH, 
J=2.5 Hz, H-3)/ 7.26(d,2H,J=9 Hz, H-3',5»); 7.84(d,2H, J»9 Hz, 
H-2',6'); 2.34(s,6H, OAc-4',7); 2.43(S,3H, OAC-5). 
Z ' . l 
Glycosides from water soluble fraction of Thuja orientalis. 
The aqueous phase was successively extracted with ether 
and ethylacetate. Ether extract did not yield any substance. 
The ethylacetate extract was concentrated under diminished 
pressure to give a yellowish brown semi solid mass (4 g.) 
marked as TOg. 
Chromatographic Separation 
The methanolic solution of TOg was subjected to 
chromatographic analysis on Whatman no. 1 filterpaper employing 
both the ascending and the descending techniques. The following 
solvent systems were used :-
(1) n-Butanol-acetic acid-water (4:1:5) upper layer 
(2) 15% aqueous acetic acid 
(3) Phenol-water (3»1) 
In solvent system (1), TOg, showed four spots under 
UV, marked as TOg-I (R^ 0.75); TOg-ii (R^ 0.61); TOg-III 
(R^ 0.56); TOg-IV (R^ 0.37). TOg-i and TOg-II appeared 
brown whereas TOg-III and TOg-IV as bright yellow under 
UV light changing to orange with ammonia. These were 
separated and purified by repeated column chromatography 
on Si-gel followed by preparative PC, yielding TOg-I (200 mg.), 
TOg-II (250 mg.), TOg-III (40 mg.) and TOg-IV (30 mg.) 
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Quercetin-3-O-oC-L-rhamnopyranoside (TOg-I) 
Crystallized .from MeOH as yellow cubes (150 mg.) 
m.p. 186°C, R^ 0.75 (BAW) 
Quercetin-3-0-oC-L-rhamnopyranoside hepta acetate (TOg-IA) 
TOg-I (50 mg.) was acetylated with AC2O and pyridine. 
The acetate after usual work-up was crystallized from 
CHCl^-MeOH into colourless needles (35 mg.), m.p. ISl^C, 
•"•H-NMR (CDCI3) t Values on 5-scale 
6.88(lH,d,J-2.5 Hz, H-6); 7.30(lH,d,J»2.5 Hz, H-8); 
7.46(lH,d,J=9 Hz, H-5*); 7.88(lH,d,J=2.5 Hz, H-2'); 
7.81(lH,q,J=2.5 and 9 Hz, H-6'); 3.24-3.46(lH,m, H-5"); 
4.92-5.22(3H,m,H-2", H-3", H-4"); 5,66(lH,d,J-2 Hz, anomeric-
H-l"); 1.96, 2.14(9H,s, Aliphatic OAc); 2.30, 2.44 
(12H,s, aromatic OAc); 0.89(3H,d,J=7 Hz, rhamnosylmethyl). 
Hydrolysis of TOg-I and chromatographic identification of sugar, 
T0g-I(20 mg.) was hydrolysed with 6% HCl and the 
hydrolysed products were identified as quercetin (m.m.p. 315°) 
and rhamnose (PC with authentic rhamnose, R^ 0.33, system 1,) 
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PermethYlatlon of the glycoside followed by hydrolysis 
TOg-I (60 mg.) was permethylated by Hakomori's 
method which on hydrolysis gave quercetin 5,7,3',4'-tetra-
methylether (TOg-I MH) and 2,3,4-tri-O-methyl-L-rhainnose. 
Quercetin 5,7,3',4'-tetramethyl ether (TOg-IMH) 
Crystallized from CHCl,-MeOH as light yellow needles 
(—20 mg.), m.p. 194-195°C. 
UV absorption (7\ =,^ nm) 
MeOH 252, 271sh, 361 
+ NaOMe 264, 401 
+ AICI3 261, 421 
+ AICI3+HCI 260, 267sh, 344sh, 420 
+ NaOAc 253, 268sh, 364 
+ NaOAc+H3B02 250sh, 269sh, 364 
Myricetln-3-0- «C -L-rhamnopyranoside (TOg-II) 
C r y s t a l l i z e d frcxn EtOAc-MeOH as yellow-brown sca ly 
c r y s t a l s , m.p. 195-196°, R^ 0.61 (BAW). 
Acid hydrolysis of TOg-II 
TOg-II (4 0 mg.) was hydrolysed with 8% HCl. The aglycone 
^50 
obtained, was crystallized from ethylacetate-benzene to give 
yellow needles (25 mg.), m.p, 358 C. On acetylation with 
Ac„0-Py it afforded colourless cubes of myricetin hexaacetate 
(TOg-IIHA) from CHCl^-MeOH, m.p. 216*^, -"-H-NMR (CDCl^) : 6.50, 
6.90 (d,J=2.5 Hz, H-6, H-8); 7.60(s,H-2•,6'); 2.30-2.40(IBH, 
six phenolic acetoxyls). The sugar was identified in the 
aqueous phase as rhamnose (R_ 0.33) by PC (R,shade, Co-PC). 
Permethylation of the glycoside (TOg_ii) 
TOg-ii (40 mg.) was permethylated by Hakomori's method 
as in CSg, which gave the permethyl ether (TOg-IIM), m.p. 
137*^  ( 20 mg.). 
Hydrolysis of TOg-IIM 
An alcoholic solution of TOg-IIM (15 rag.) was heated 
with aqueous HCl-CH^COOH and the product on usual work-up 
gave myricetin 5,7,3•,4',5'-pentamethylether (TOg-IIMH) and 
2,3,4-tri-O-methyl-L-rhamnose. 
LTV spectral data of 5,7^3',4' ,5'-pentamethylether of myricetin 
(TOg-IIMH) 
Crystallized from CHCl,-MeOH as yellow needles, 
m.p. 224-225°C. 
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^ Me OH 
A (nm) 258, 311, 356 
max 
+ AICI3 260, 416 
+ AICI3+HCI 260, 414 
+ NaOAc 257, 356 
+ NaOAc+H3B03 258, 305, 357 
Acetylation of XOg-II 
A mixture of TOg-ii (100 mg.), pyridine (1 ml.) and 
acetic anhydride ( 2 ml. ) was heated on a water bath for 
2 hrs. The reaction mixture was worked-up and crystallized 
from CHGl^-MeOH to give colourless needles of myricetin-3-
0-rhamnoside octaacetate (70 mg.) (TOg-IIA), m.p, 140°C, 
H-NMR (CDCI3) t Values on 5-scale 
6.78(lH,d,J=2.5 Hz, H-6); 7.24(lH,d,J-2.5 Hz, H-8); 
7.70(2H,s, H-2',6'); 1.95, 2.12(9H, 3 alcoholic OAc); 
2.25, 2.45(15H, 5 phenolic OAc); 0.90(3H,d,J»6 Hz, rhamnosyl 
methyl); 5.60(lH,d,J-2 Hz, H-1"); 3.60-4.0(lH,m, H-5"); 
4.50-5.0(3H,ro, H-2", 3",4'«) . 
Kaempferol-7-O-glucoside (TOg-III) 
Crystallized from MeOH-CgH^ as yellow cubes (50 mg.) 
252 
m.p. 228°C, R^ 0.56(BAW); 0.13(15% HOAc); 0.68(phOH-H20), 
Me OH 
UvX nm: 241sh, 266, 325sh, 368 
max 
+ AICI3 243sh, 268, 327sh, 426 
+ AICI3+HCI 242, 267, 318sh, 424 
+ NaOAc 242sh, 264, 322, 382 
+ NaOAc+H^BO^ 244sh, 265, 324sh, 369 
Hydrolysis of TOg-III 
TOg-III (20 mg.) was dissolved in 10% HCl (5 ml.). 
The solution was heated for 3 hrs. in a water bath. The 
cooled solution was extracted with 10 ml. of EtOAc to 
separate the aglycone. The water layer was allowed to 
evaporate to dryness, and the residue was dissolved in 
0.5 ml. of pyridine. Evaporation of the EtOAc layer gave a 
yellow solid TOg-III H m.p. 276°, TLC Silica gel R 0.54 
(BPF 36:9:5), identical with kaempferol. 
UV spectral data of TOQ-III H 
^max""" MeOH 254sh, 266, 322sh, 368 
AICI3 262sh, 268, 352, 423 
AICI3+HCI 257sh, 267, 351, 422 
NaOAc 275, 305, 388 
NaOAc+H3B03 268, 321sh, 373 
2a3 
Chromatographic identification of sugar. 
The pyridine solution of the sugar was spotted on 
Whatman no. 1 filterpaper with authentic common naturally-
occurring sugars and the paper was run in the solvent system 
ethylacetate-pyridine-water (12:5:4), The chromatograms 
were developed by spraying with anisldine phthalate (prepared 
by dissolving 1.23 g. p-anisldine and 1.66 g. phthalic acid 
in 100 ml. EtOH) and then heating at~^110° for 5 minutes. 
The sugar was identified as glucose. 
Quercetin-7-O-rhamnoside (TOg-IV) 
TOg-IV could not be induced to crystallize, R, 0.37 (BAW); 
R^ 0.06 (15%-HOAc) 0.33 (phOH-H20) 
Me OH 
UVX ^ nm 258, 268sh, 374 
'max 
+ AICI3 260sh, 273, 338, 456 
+ AICI3+HCI 268, 302sh, 366, 427 
+ NaOAc 262, 375, 429sh, (dec.) 
+ NaOAc+H3B03 261, 288sh, 387 
Hydrolysis of TOg-IV 
TOg-IV (3 mg.) was hydrolysed with IN HCl (3 ml.) 
as in TOg-III. The EtOAc extract gave an aglycone TOg-IV H, 
25-^  
m.p. 315 , Rg 0.21 (BPF), did not show depression of m.p. 
with authentic quercetin. 
UV spectral data of TOg-lV H 
^max"" MeOH 257, 268sh, 300sh, 371 
+ AlCl^ 271, 302sh, 338, 459 
+ AICI3+HCI 256, 301sh, 358, 427 
+ NaOAc 257sh, 272, 329, 391(dec.) 
+ NaOAc+HjBO^ 260 , 304sh, 389 
Sugar was identified as rhaiwnose by PC with authentic 
sample. 
255 
Flavonoidic constituents of Rhus wallichll Hook.f.(Anacardiaceae) • 
Leaves of Rhus walllchli (4 Kg.) procured from Royal 
Botanical Garden, Godawari, Lalitpur (Nepal), after thoroughly 
defatting by repeated extraction with light petroleum and 
benzene were extracted with acetone. The combined acetone 
extracts were concentrated under reduced pressure and the 
residue treated successively with petroleum ether (60-80 ), 
benzene and chloroform to remove nonflavonoidic and resinous 
matter. The gummy mass was refluxed with ethylacetate for 
12 hrs. and filtered. The filtrate was evaporated to dryness 
and the residue treated with hot water. The water insoluble 
mass was dissolved in methanol and dried to give a dark brown 
residue (5 g.) which responded to the usual colour tests for 
flavonoids. 
Purification of water insoluble flavonoid mixture by column 
ch rom atoq r aphy 
The crude flavonoid mixture (5 g.) was adsorbed on 
Silica gel (10 g.) and transferred over a column of Silica gel 
(lOOg.) set with petroleum ether (60-80°). The column was eluted 
with benzene and benzene-ethyl acetate in the increasing order 
of polarity. Fractions obtained with benzene-ethyl acetate 
9:1, 4:1, 7;3 & 3:2 were combined and concentrated to give 
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yellow products (1.2 g.) and then examined by TLC (Si-gel, BDH, 
BPF 36:9t5) which showed three compact brown spots under UV 
light, labelled as RW-I(R^ 0.16), RW-II(R^ 0.21) and RW-III 
(R^ 0.54). They were separated by PLC to give RW-I (150 mg.), 
RW-II(100 mg.) and RW-III(50 mg.). 
RW-I 
RW-I (70 mg.) was methylated using dimethylsulphate 
(0.5 ml.) and potassium carbonate (2 g.) in 250 ml. of dry 
acetone. The methylated product on TLC examination showed 
the presence of araentoflavone hexamethyl ether (R^ 0.40, BPF= 
85 36:9:5, yellow fluorescence in UV light) 
1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa-O-methyl fl-B', I I - B ] 
biflavone (RW-IM) 
The methylated product was crystallized as colourless 
needles (40 mg.) from CHCl^-MeOH; m.p. 226-227° 
^H-NMR (CDCl^) J Values on S-scale 
7.81(lH,d, J=2.5 Hz, H-I-2'); 7 .95 (IH, q, J^=3 Hz, J2'=9 Hz, 
H-I-6'); 7.36(2H,d,J=9 Hz, H-II-2',6'); 7.08(lH,d,J=9 Hz, H-I-5•); 
6.75(2H,d,J=9 Hz, H-II-3',5'); 6.46(lH,d,J=2.5 Hz, H-I-8); 
6.34(lH,d,J=2.5 Hz, H-I-6); 6.63(lH,s, H-II-6) ; 6.58, 6.51(lH 
each, s, H-I-3, II-3); 3.89, 4.06, 3.85, 3.83, 3.75, 3.73 
(18H, 6 OMe) 
25 / 
1-4 ' , I I - 4 ' , 1-5, I I - 5 , 1-7, II~7-Hexaacetoxy r i - 3 ' / I I - B ] 
b i f l a v o n e (RW-IA) 
A solution of RW-I (60 mg.) in pyridine (0.5 ml.) with 
acetic anhydride (1 ml.) was heated on a water bath for 2 hrs, 
The mixture on usual work-up and crystallization from CHCl,-
MeOH gave colourless needles of amentoflavone hexaacetate 
(35 mg.), m.p. 240-241°C. 
•''H-NMR (CDCl^) i Values on 5-scale 
8.01(lH,d,J=3 Hz, H-I-2'); 7.96(IH,q,J=3 Hz, H-I-6'); 
7.48(2H,d,J=9 Hz, H-II-2',6'); 7.42(lH,d,J*9 Hz, H-I-5'); 
7.04(2H,d,J»9 Hz, H-II-3',5'); 7.24(lH,d,J=3 Hz, H-I-8); 
6.90(lH,d,J=3 Hz, H-I-6); 7.00(lH,s, H-II-6); 6.70, 6.65 
(IH each,s, H-I-3, II-3); 2.46, 2.42, 2.25, 2.22, 2.10, 2.02 
(IBH, 6 OAc) 
RW-I I 
5,7, 3, 3 ' ,4 '-Pentahydroxyf lavone (cpiercetin) (RW-II) 
It was crystallized from methanol-benzene as light 
yellow needles, m.p. 316 C, was characterized as quercetin 
by H-NMR studies of its acetate. 
5,7,3,3',4'-Pentaacetoxyflavone (RW-IIA) 
RW-II (40 mg.) was acetylated with acetic anhydride 
258 
and pyridine and the product crystallized from CHCl,-MeOH as 
colourless needles (30 mg.) m.p. 195 C. 
H-NMR (CDCl,) : Values on 5-scale 
7.72(lH,d, J==2.6 Hz, H-2')7 7.65 (IH, q, J^  = 2.5 Hz, J2=9 Hz, 
H-6'); 7.26(lH,d,J=9 Hz, H-5'); 7.22(lH,d,J=2.5 Hz, H-8); 
6.80(lH,d,J=2.5 Hz, H-6); 2.42, 2.30(15H,S, 5xOAc) 
RW-III 
5,7,3,4'-Tetrahydroxyflavone (Kaempferol) (RW-III) 
Crystallized from methanol-benzene as yellow needles, 
m.p. 276-278°C, was characterized as kaempferol by UV spectral 
studies, 
UV spectral data (\ ^ nm) 
*^ max 
MeOH 254, 266, 367 
+ AlCl, 260sh, 268, 425 
+ AlCl^+HCl 258sh, 267, 423 
+ NaOAc 276, 306, 388 
+ NaOAc+H^BO^ 268, 322sh, 374 
Water soluble portion 
The water soluble fraction was extracted with ethylacetate 
and the solvent evaporated to give a semi-solid mass (1 g.). 
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which on paper chromatographic examination (n-BuOH-HOAc-H-O, 
4:1:5 upper layer) showed only two spots labelled as RWg-I 
(Rj 0.58) and RWg-ii(R^ 0.74). They were separated by 
preparatory paper chromatography and finally purified by 
polyamide column using H20-MeOH as eluant giving RWg-l(200 mg.) 
RWg-II(150 mg.) 
Quercetin-3-O-^-D-glucopyranoside (RWg-I) 
Crystallized from MeOH as yellow needle shaped clusters 
(150 mg.), m.p. 235-236°C, R^ 0.58 (BAW). 
Quercetin-3-O-p-D-glucoside octaacetate (RWg-IA) 
RWg-i (80 mg.) was acetylated with acetic anhydride 
and pyridine which after usual work was subjected to H-NMR 
spectroscopy. 
""•H-NMR (CDCI3) : Values on 5-scale 
6.70(lH,d,J=2,5 Hz, H-6); 7.21(lH,d,J=2.5 Hz, H-8); 
8.02(lH,d, J=2.5 Hz, H-2'); 7.30(lH,d,J=9 Hz, H-5' ) ; 7.88(lH,q, 
J=2.5 Hz, and 9 Hz, H-6'); 5.55(lH,d,J=7 Hz, H-1"); 3.80-5.16 
(m,6H of glucosyl residue); 1.88, 1.96, 2,13 (1-2H, four 
alcoholic acetyls); 2.31, 2.43(12H, four phenolic acetyls). 
260 
Hydrolysis of RWg-I 
An alcoholic solution of RWg-i(io mg.) was hydrolysed 
with 8% aq. HCl, which gave an aglycone m.p. 315 , R^  0.21 
(BPP) and a sugar. Aglycone was identified as quercetin by 
direct comparison with authentic specimen. The sugar was 
identified as glucose by PC. 
Permethylation of RWg-I 
RWg-I (50 mg.) was permethylated by Hakomori•s method 
which on acid hydrolysis gave quercetin 5,7,3•,4 V-tetramethyl 
ether (RWg-IMH) and 2,3,4,6-tetra-O-methyl-D-glucose [R 0.64, 
TLC (Si-gel), toluene-methanol, 4:1 J . 
Quercetin 5,7,3•,4'-tetraraethyl ether (RWg-IMH) 
Crystallized from CHCl -MeOH as light yellow needles 
( — 10 mg.), m.p. 194-195°C. 
UV absorption maxima {\ ^ nm) 
^ ^ max 
MeOH 
+AICI3 
+AICI3+HCI 
+NaOAc 
+NaOAc+H2B02 
252, 
260, 
258, 
250, 
251, 
360 
419 
418 
362 
360 
281 
Quercetin-3-O- oC-L-rhamnopyranoside (RWg-ii) 
Crystallized from MeOH as yellow cubes (130 mg.), 
m.p. 186-187°C, R^  0.74(BAW). 
Quercetin-3-0-eC-L-rhamnopyranoside heptaacetate (RWg-llA) 
RWg-ii(50 mg.) was acetylated with ACjO and pyridine 
which after usual work-up gave an acetate RWg-IIA (30 mg.) 
H-NMR (CDCl^) : Values on 5 -scale 
6.88(lH,d,J=2.5 Hz, H-6); 7.32(lH,d,J=2.5 Hz, H-8); 
7.44(lH,d,J=9 Hz, H-5')7 7.88(lH,d,J=2.5 Hz, H-2'); 
7.79(lH,q,J=9 and 2.5 Hz, H-6'); 3.22-3.46(lH,m,H-5"), 
4.93-5.22(3H,m, H-2", H-3",H-4"); 5.66(lH,d,J=2 Hz, anomeric 
proton, H-1"); 1.96, 2.12(9H,s, Aliphatic acetyls of rhamnose 
moiety); 2.33, 2.42(12H,s, Aromatic OAc); 0.88(3H,d, J=6 Hz, 
rhamnose methyl). 
Hydrolysis of RWg-II 
RWg-ii(~-10 mg.) was hydrolysed with 8% aq. HCl and 
the hydrolysed products were identified as quercetin and 
rhamnose. 
Permethylation of RWg-II 
RWg-ii (40 mg.) was permethylated as previously and 
2B2 
was hydrolysed with 8% aq. HCl. The hydrolysed products 
were identified as 5,7,3',4'-tetramethyl ether of quercetin 
(RWg-IIMH) and 2,3,4-tri-O-methyl-L-rhamnose. 
UV absorption maxima of RW„-IIMH ( \ nm) 
MeOH 
+ AICI3 
+ AICI3+HCI 
+ NaOAc 
+ NaOAc+H^BO^ 
251, 
258, 
257, 
250, 
251, 
361 
420 
419 
361 
360 
263 
Plavonoids from the Leaves of Choerospondlas axillaris 
Leaves of choerospondlas axillaris were collected 
from Royal Botanical Garden, Gowdawari, Lalltpur (Nepal). 
The air-dried powdered leaves (3 Kg.) were percolated 
with n-hexane and petrol (60-80), The defatted leaves were 
then subjected to cold extraction with MeOH for 2-3 days. 
The methanol extract was soxhleted with petrol, C,H, and 
CHCl^ and then concentrated in vacuo. The concentrate was 
treated with distilled water and filtered. The insoluble 
mass (4 g) on purification by column chromatography (Si-gel) 
as usual followed by PLC(Sl-gel BDH, BPF-36:9:5) yielded 
three flavonold fractions, labelled as CAI (R^ 0.12, 150 mg) , 
CAII (R^ 0.22, 130 mg) and CAIII (R 0.55, 120 mg). 
5,7,3,3',4',5'-Hexahydroxyflavone (CA-I) (Myricetin) 
Crystallized from ethylacetate-benzene as light brown 
leaflets (120 mg), m.p. 357-359°C, m.m.p. 357°C, R^ 0.12(BPP) 
UV Spectral data (\ ^ nm) 
''max 
MeOH 
+ AICI3 
+ AICI3+HCI 
+ NaOAc 
+ NaOAc+H^BO, 
255, 
272, 
268, 
269, 
259, 
372 
449 
429 
334(dec.) 
393 
264 
5,7,3,3',4'-Pentahydroxyflavone (CA-II) ( Quercetln) 
Crystallized from methanol-benzene as light yellow 
needles ('^ 110 mg), m.p. 316°C, R^  0.22 (BPF) 
UV spectral data (>^a^nm) 
Me OH 
+ AlCl^ 
+ AlCl^+HCl 
+ NaOAc 
+ NaOAc+H^BO^ 
+ NaOMe 
255, 371 
272, 456 
264, 428 
274, 390(dec.) 
266, 390 
248sh, 323(dec.) 
5,7,3,4'-Tetrahydroxyflavone (CA-IIl) (Kaempferol) 
Crystallized from methanol-benzene as yellow needles 
(100 mg), m.p. 278°C, R^ 0.55 (BPF) 
UV spectral data (\ nm) 
max 
Me OH 
+ AICI3 
+ AlCl^+HCl 
+ NaOAc 
+ NaOAc+H^BO^ 
253sh, 266, 
268, 427 
267, 426 
275, 304sh, 
269, 375 
368 
389 
265 
Water soluble portion 
The water soluble portion was extracted with BuOH and 
the extract concentrated in vacuo to give a dark-brown semi 
solid mass (1.5 g). On paper (BAW-4:1:5), it showed three 
flavonoidic spots, labelled as CAg-I (R 0.76), CAg-ii 
(R_ 0.70) and CAg-III (R^  0.61). These were separated and 
purified by successive preparative paper (BAW-4:1:5) and 
column chromatography (polyamide, MeOH-H^O, 95:5) to yield 
CAg-I (70 mg), CAg-II (150 mg) and CAg-III (150 mg). 
Kaempferol-5-O-arablnoslde (CAg-I) 
R 
Crystallized from MeOH as yellow needles, m.p. 224°C, 
^ 0.76 (SAW), 0.51(15% HOAc) , ")^  max^ ""^  ^  "®^" ^ ^^' ^^^' "*" 
AICI3 274, 430; + AICI3 & HCl 273, 428; + NaOAc 268, 376; 
+ NaOAc & H3BO3 258, 357. 
Acid h y d r o l y s i s of CAg-I 
CAg-I (10 mg) in EtOH was heated with IN HCl (5 ml.) 
for 10 min. The reaction mixture was added to H_0 and 
extracted with EtOAc. Evaporation of the ethylacetate 
layer gave a yellow solid (CAg-IH), m.p. 278°C, R. 0.55(BPP) 
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UV spectral data of (CAg-IH) (^  nm) 
Me OH 
+ AICI3 
+ AICI3+HCI 
+ NaOAc 
+ NaOAc+HjBO^ 
Chromatographic 
266, 
267, 
267, 
274, 
269, 
324sh, 366 
351, 426 
348, 424 
302, 387 
296, 372 
identification of sugar 
The aqueous solution was neutralized with Amberlite 
IR-45(OH), filtered and evaporated to dryness in vacuo. 
The residue was examined by paper chromatography with 
authentic sugars. The chromatograms were developed by spray-
ing with aniline hydrogen phthalate and heating at<~-110*for 
10 min. The sugar was identified as L-arabinose R 0.17 (BAW), 
0.21 (n-BuOH-EtOH-H20, 4:1:2.2). 
Permethylation of CAg-i 
149 CAg-i (45 mg) was p e r m e t h y l a t e d by H a k o m o r i ' s method 
and worked -up a s u s u a l . The m e t h y l a t e was o b t a i n e d a s brown 
r e s i d u e , which on h y d r o l y s i s w i t h IN HCl gave CAg-IMH. 
3 , 7 , 4 ' - T r i m e t h o x y - 5 - h y d r o x y f l a v o n e (CAg-IMH) 
It was crystallized from CHCl^-MeOH as light yellow 
needles (25 mg) , m.p. 142-143'^ C. 
267 
UV spectral data of CAg-IMH (Xmav"""^ 
Me OH 
+ AICI3 
+ AICI3+HCI 
+ NaOAc 
+ NaOAc+HoBO, 
269, 
276, 
276, 
268, 
269, 
324, 349 
304, 398 
302sh, 397 
306sh, 350 
305sh, 352 
Acetylation of CAg-IMH 
CAg~IMH was acetylated with Ac^O/py to give an acetate 
(CAg-lMA). It was crystallized from CHCl,-MeOH into colourless 
needles, m.p. 135-136 C. 
H-NMR of CAg-IA (CDCl^): Values on 5-scale 
8.25(2H,d,J=9 Hz, H-2',6'); 7.19(2H,d,J=9 Hz, H-3',5'); 
6.85(lH,d,J=2.5 Hz, H-8); 6.62(lH,d,J=2.5 Hz, H-6); 2.45(3H, 
5-OAc); 3.92, 3.86(9H,s,OMe). 
Quercetin-3-O-L-rhamnopyranoside (CAg-II) 
Crystallized as yellow needle shaped clusters, 
m.p. 187-188°C, R^ 0.70(BAW). 
Acid hydrolysis of CAg-II 
CAg-II(20 rag) was hydrolysed as before and the aglycone 
(CAg-IIH) thus obtained was crystallized from methanol-benzene 
as yellow needles (—8 mg), m.p. 315*^ C, R^  0.22, (BPF) 
UP spectral data of CAg-IIH 
Me OH 
A nm: 
'^  max 
+ AICI3 
+ AICI3+HCI 
+ NaOAc 
+ NaOAc+H^BOg 
255, 
275, 
264, 
272, 
260, 
371 
461 
429 
389 
390 
Chromatographic identification of sugar 
The filtrate was neutralized as before and examined by 
paper chromatography. The chromatograms were developed by 
spraying with aniline hydrogen phthalate and heating at —^105 C 
for 10 min. Sugar was identified as L-rhamnose. 
Perroethylation of the glycoside followed by acid hydrolysis 
CAg-Il(20 mg) was permethylated as before and was 
hydrolysed with 6% aq. HCl. The hydrolysed products after 
usual work-up were identified as quercetin-5,7,3',4'-tetra-
methyl ether (CAg-IIMH) and 2,3,4-tri-O-methyi-L-rhamnose (TLC). 
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UV spectral data of CAg-IIMH (^  ax""'^  
Me OH 
+ AICI3 
+ AICI3+HCI 
+ NaOAc 
+ NaOAc+HjBOj 
254, 
261, 
261, 
253, 
252, 
361 
422 
419 
362 
362 
Myricetin-3-0- «^-L-rhamnopyranoside (CAg-lli) 
Crystallized from EtOAc-MeOH into yellow brown scaly 
crystals, m.p. 194-196°C, R^ 0.61 (BAW). 
Acid hydrolysis of CAg-iil 
CAg-III (15 mg) was hydrolysed with 6% HCl. The aglycone 
was crystallized from ethyl acetate-benzene to give CAg-IIIH, 
m.p. 357-358°C. Sugar was identified as rhamnose by Co-PC 
with authentic sample. 
5,7,3,3",4',5'-Hexahydroxyflavone (CAg-IIIH) (Myricetin) 
Crystallized as brown leaflets, m.p. 357-358 C, R_ 0.12 
(BPF), UV spectral data same as that of CA-I 
Permethylation of CAg-III followed by hydrolysis 
149 
CAg-iii(25 mg) was permethylated by Hakomori's method. 
2/0 
The permethylated glycoside on acid hydrolysis gave myricetin-
5,7,3',4',5'-pentamethyl ether (CAg-IIIMH) and 2,3,4-tri-O-
methy1-L-rhamnose. 
UV spectral data of 5,7^3',4',5'-pentamethyl ether of 
myricetin (CAg-IIIMH) 
Crystallized from CHCl_-MeOH into light brown needles 
(—10 mg) , m.p. 226°C. 
Me OH 
A nm: 
^ max 
+ AICI3 
+ AICI3+HCI 
+ NaOAc 
+ NaOAc+H^BO^ 
257. 
261, 
261, 
258, 
257, 
358 
419 
418 
359 
358 
Acetylation of CAg-iii 
CAg-iii(80 mg) was acetylated with Ac-O/py/ which on 
usual work-up gave an acetate CAg-lIlA, m.p. 139^C. 
•""H-NMR (CDCl^) : Values on 5-scale 
6.76(lH,d,J=2.5 Hz, H-6); 7.24(lH,d,J=2.5 Hz, H-8); 
7.72(2H,s,H-2',6')7 1.96, 2.13(9H,s,3x OAc); 2.25, 2.44 
(15H,s,5 X OAc); 0.91(3H,d,J=7 Hz, rhamnosyl methyl)7 5.62(d,J-2 
H-1"); 3.61-4.0(m,H-5"); 4.52-5.08(m,H-2",3",4"). 
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Flavonoids from the Leaves of Taxodium mucronatum 
The air dried leaves of Taxodium mucronatum (2 Kg) 
collected from F.R.I. Dehra Dun, India, were successively 
extracted with petroleum ether (60-80 ), benzene and 
acetone. The acetone extract was dried under reduced 
pressure and treated with water. The insoluble portion on 
column chromatography (Si-gel) yielded 5,7,3,3',4'-pentahydroxy-
flavone and 5,7,3,4'-tetrahydroxyflavone, labelled as TM-I 
(R^ 0.21, BPF) and TM-II (R^ 0.55, BPF) respectively. 
5.7^3,3',4'-PentahydrQxyflavQne (TM-I) 
It was crystallized from methanol-benzene as light 
yellow needles (250 mg), m.p. 315 C, 
.^ MeOH 
^^> .(nm) 256, 272sh, 371 
'^  max 
+ AICI3 272, 305sh, 455 
+ AICI3+HCI 265, 357, 429 
+ NaOAc 258sh, 274, 391(dec.) 
+ NaOAc+H^BO^ 262, 303sh, 389 
+ NaOMe 249sh, 322(dec.) 
5,7,3,4'-Tetrahydroxvflavone (TM-II) 
Crystallized from methanol-benzene as yellow needles 
m.p. 278°C, 
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MeOH 
A nra; 254sh, 266, 323sh, 366 
'' max 
+ AICI3 260sh, 267, 351, 424 
+ AICI3+HCI 256sh, 267, 349, 423 
+ NaOAc 275, 304, 388 
+ NaOAc+H^BO^ 268, 298, 373 
Water soluble portion 
The water soluble portion was extracted with butanol 
and the brown residue obtained after concentration was 
purified by column chromatography and separated by preparative 
paper chromatography (BAW) into two fractions, TMg-i (190 mg, 
R 0,54) and TMg-ll(80 mg, R^ 0.58). Each was further 
purified by passing through the polyamide column. 
Quercetin-3-O-p-D-galactopyranoside (TMg-I) 
Crystallized from MeOH as pale yellow needles (160 mg), 
m.p. 235-236°C, R 0.54(BAW), 0.34 (15% HOAc) 
Acid hydrolysis of TMg-i 
An alcoholic solution of TMg_i (20 mg) was heated with 
6% aq. HCl on a water bath for 2^ hrs. The yellow solid 
TMg-IH thus separated, was filtered, washed well with water and 
dried. It was crystallized from methanol-benzene as yellow 
needles (10 mg), m.p. 314^C, R^ 0.21 (BPF). 
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UV spectral data of TMg-IH 
Me OH 
'^  max 
+ AlCl^ 
+ AlCl +HC1 
+ NaOAc 
+ NaOAc+H^BO^ 
+ NaOMe 
Chroraatoqraphic 
256, 
275, 
264, 
273, 
262, 
246s 
identi 
371 
459 
428 
388 
391 (dec.) 
h, 322(dec.) 
fication of sugar 
The filtrate was extracted with ethylacetate to remove 
traces of aglycone matter and the aqueous layer was neutralized 
with Amberlite IR-45(OH) and dried in vacuo. The residue was 
examined by paper chromatography with authentic sugars 
(solvent system, n-butanol-benzene-pyridine-water - 5:ls3:3), 
using aniline hydrogen phthalate as the spraying reagent. The 
chromatograms were developed by heating at ^—110 C for 5 minutes, 
D-galactose (R_ 0.22) was detected (R^, shade and Co-PC). 
Permethylatlon of the glycoside and acid hydrolysis 
TMg-i (25 mg) was methylated by Hakomori's method as 
described earlier and was hydrolysed with 8% aq. HCl. The 
aglycone precipitated was filtered and washed well to give a 
yellow product, TMg-IMH. 
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Quercetin 5,7,3',4'-tetramethyl ether (TMg-IMH) 
It was crystallized from CHCl--MeOH as light yellow 
needles, m.p. 196 C. 
^MeOH 
A nmi 252, 361 
max 
+ AICI3 260, 422 
+ AICI3+HCI 259, 421 
+ NaOAc 253, 362 
+ NaOAc-«-H3B03 251sh, 363 
Naio. Oxidation of TMg-I 
TMg-i(50 rog) was dissolved in EtOH (30 ml) and 0.05M-
NalO. solution (20 ml) was added and the mixture was allowed 
to stand in a dark place at 25 C. A test solution (8 ml) 
was added with an excess of ethylene glycol to destroy 
excess of periodate. After standing for 10 minutes, the 
solution was titrated with O.OlN-NaOH, using phenolphthalein 
as the indicator. 
HCOOH Formation 
Time (hr.) 2 3.5 5 6 7 8 
HCOOH(mol.) 0.62 0.91 1.04 1.04 1.01 0.98 
27, 
Estimation of the consumption of NalO during oxidation of TMg-i 
To a solution of TMg-i(50 mg) in EtOH (20 ml), 0.05M-
NalO^ solution (20 ml) was added and the mixture was allowed 
to stand in a dark place at 25 C, A test solution 5 ml. 
was added with saturated NaHCO^ solution (10 ml.) , standard 
O.lN-Na^AsO^ solution (6 ml.), and 20% KI solution (1.5 ml.). 
After standing for 1 min. the solution was titrated with 
0,05 M-Ij solution using starch solution as the indicator. 
A blank test was also carried out under the same condition. 
NalO. consumption 
Time (hr.) 2 3 4 5 6 8 
NalO.(mol.) 1.46 1.81 2.02 2.06 2.06 1.98 4 
Enzymic hydrolysis of TMg-I 
TMg-l(5 mg) was hydrolysed with emulsin prepared from 
almonds at 35-40 for 72 hrs. Liberation of galactose in the 
hydrolysate was confirmed by co-chromatography. 
Quercetin-3-O-p-D-glucopyranoside (TMg-ii) 
Crystallized from MeOH as yellow needle shaped clusters 
(50 mg), m.p. 234-236°C, R^ 0.58 (BAW). 
.MeOH 
A 255, 368 nm. /^  max 
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Acid hydrolysis of TMg-il 
TMg-ii(15 mg) was hydrolysed as before with 6% HCl to 
give an aglycone (TMg-llH) , m.p. Sls'^C, R^ 0.22 (BPF). 
UV spectral data of TMg-IIH 
Me OH 
>max ""•* 255, 371 
+ AICI3 274, 460 
+ AlCl^+HCl 274, 429 
+ NaOAc 272, 389(dec.) 
+ NaOAc+H^BO^ 262, 390 
Chromatographic identification of sugar. 
The filtrate was extracted with ethylacetate and the 
acjueous layer was neutralized as before, dried in vacuo and 
was chromatographed on Whatman No. 1 with authentic glucose 
(Butanol-acetic acid-water, 4jlj5, organic layer, R, 0.13; 
Butanol-ethylalcohol-water, 4»li2.2, R^ 0.17). Spots were 
developed by spraying with aniline hydrogen phthalate and 
heating at~'105 for 10 minutes. 
Permethylation of the glycoside followed by acid hydrolysis 
TMg-ii (20 mg) was permethylated by Hakomori's method 
and the permethylated glycoside on acid hydrolysis gave 
27/ 
quercetln 5,7, 3' ,4 '-tetramethyl ether. (TMg-n MH) , m.p. 194-196° 
and 2,3,4,6-tetra-O-methyl D-glucose R^ 0.66, 1 TLC (Si-gel) 
(toluene-methanol 4jl)J 
UV spectral data of TMg-IIMH 
•V MeOH 
A nm: 253, 360 
' max 
+ AICI3 260, 422 
+ AlCl^+HCl 259, 422 
+ NaOAc 252, 361 
+ NaOAc+H^BO^ 25lsh, 362 
Enzymlc hydrolysis 
TMg-II (5 mg) was hydrolysed with almond emulsin which 
showed the liberation of glucose, confirmed by co-chromatography 
with authentic sugar. 
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